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I NTRODUCT I ON 

UCLA has admin i s te red  a NASA g r a n t  i n  suppor t  o f  space- 

r e l a t e d  research  i n  the  p h y s i c a l  and b i o l o g i c a l  sc iences and 

e n g i n e e r i n g  fo r  approx imate ly  t h r e e  years.  T h i s  r e p o r t  covers  

t h e  a c t i v i t i e s  suppor ted from NASA Research Grant  NsG 237-62 

f o r  t h e  p a s t  s i x  months. 

A s e c t i o n  o f  t h e  r e p o r t  i s  devoted t o  a summary o f  t h e  

f i n a n c i a l  d e t a i l s  o f  t h e  g r a n t .  I t  is aga in  emphasized t h a t  

t h i s  s e c t i o n  i s  n o t  an o f f i c i a l  accoun t ing  r e p o r t  which must, 

o f  course, be made by t h e  Account ing O f f i c e .  However, t h e  

summary h e r e i n  g i ven  i s  a very good approx ima t ion  o f  t h e  

t o t a l  expend i tu res ,  f u t u r e  commitments, and c u r r e n t  ba lance.  
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PHYSICAL S C I E N C E S  

FUNDAMENTAL PROBLEMS I N  ASTRONOMY 

L .  H. A l l e r  Account No. 448610 

S t e l l a r  Enerqv D i s t r i b u t i o n s  

P r e v i o u s l y  I r e p o r t e d  t h a t  i n  c o l l a b o r a t i o n  w i t h  Rober t  

Norton, now a t  JPL, r e d u c t i o n s  o f  t h e  energy d i s t r i b u t i o n s  i n  

two dozen southern s t a r s  had been completed, i n c l u d i n g  Canopus 

and seve ra l  o t h e r s  t h a t  a r e  o f  i n t e r e s t  as r e f e r e n c e  p o i n t s  

f o r  t h e  guidance o f  space probes. These data have been sub- 

m i t t e d  f o r  p u b l i c a t i o n  i n  t h e  A s t r o p h y s i c a l  Jou rna l .  

See a l s o :  A l l e r ,  L .  H., Contr .  Bosscha Observatory 

(Bandung, Indones ia )  No. 21, 52-57, 1963. 

Recombination i n  a H i q h l v  A t tenua ted  Plasma 

A gaseous nebula c o n s t i t u t e s  a more h i g h l y  a t t e n u a t e d  plasma 

than can be a t t a i n e d  i n  a l a b o r a t o r y ;  hence, recombinat ion phenom- 

ena can be s t u d i e d  under more extreme c o n d i t i o n s  than a r e  p o s s i b l e  

e x p e r i m e n t a l l y .  As reported, J. B .  K a l e r  (NASA t r a i n e e )  under took 

a comparison of t h e  p r e d i c t e d  and observed i n t e n s i t i e s  o f  t h e  

recomb ina t ion  l i n e s  o f  hydrogen, hel ium, and i o n i z e d  hel ium, i n  

s e v e r a l  gaseous nebulae. He found t h a t  t h e  l i n e s  a r i s i n g  f rom 

h i g h e r  l e v e l s ,  n = 20 t o  n = 35, t end  t o  be s t r o n g e r  than t h e  

t h e o r y  p r e d i c t s  i n  a number o f  nebulae, a l t h o u g h  a few o b j e c t s  

show e x c e l l e n t  agreement w i t h  t h e o r y .  

appear t o  be c o r r e l a t e d  w i t h  d e n s i t y  nor  w i t h  ambient temperature.  

The d e v i a t i o n s  do n o t  
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T h e i r  i n t e r p r e t a t i o n  must i n v o l v e  d i f f i c u l t  t h e o r e t i c a l  prob-  

lems. 

The Abundances o f  I r o n  and S i l i c o n  i n  t h e  Sun 

Measurements o f  t h e  s o l a r  i ron-hydrogen and s i l i c o n -  

hydrogen r a t i o s ,  based on l i n e s  o f  b o t h  t h e  i o n i z e d  and 

n e u t r a l  elements, y i e l d  an i r o n - s i l i c o n  r a t i o  t h a t  i s  i n  good 

agreement w i t h  t h a t  o b t a i n e d  e a r l i e r  by Goldberg, M u l l e r ,  and 

A l l e r ,  and which i s  much smal ler  than t h e  va lue  found f o r  

most m e t e o r i t e s .  Recen t l y  Schmi t t  (General Atomics, San Diego) 

and Goles (UC-San Diego) have found somewhat s i m i l a r  Fe/Si 

r a t i o s  i n  the chondru les o f  Type I I  carbonaceous c h o n d r i t e s .  

These o b j e c t s  may have a chemical compos i t i on  c l o s e l y  c o r r e -  

l a t e d  w i t h  t h a t  o f  t h e  sun. 

24” TELESCOPE FOR PLANETARY AND STELLAR OBSERVATIONS 

L .  H.  A l l e r  Account No. 448619 

Work on t h e  24 - inch  te lescope desc r ibed  i n  t h e  l a s t  r e -  

p o r t  i s  proceeding on schedule. We p l a n  t o  l o c a t e  t h e  te lescope  

on t h e  grounds o f  t h e  Thacher School i n  O j a i  u n t i l  a b e t t e r  s i t e  

can be found. 
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S I T E  SURVEY FOR A LARGE TELESCOPE FOR PLANETARY AND 

STELLAR STUD1 ES 

L .  H. A l l e r  Account No. 448621 

A double-beam s i t e - t e s t i n g  te lescope has been purchased 

f r o m  B o l l e r  and Chivens and i s  a t  p resent  i n  o p e r a t i o n  i n  

A u s t r a l  i a .  

A p p l i c a t i o n  had been made t o  t h e  N a t i o n a l  Science Foun- 

d a t i o n  f o r  funds t o  under take a s i t e  t e s t  i n  t h e  southern  

hemisphere f o r  an obse rva to ry  t o  be equipped w i t h  a l a r g e  

modern te lescope.  NSF d i d  n o t  f e e l  a b l e  t o  suppor t  t h i s  

under tak ing ,  b u t  f o r t u n a t e l y  funds were gran ted  by The Regents 

t o  enab le  a s i t e - t e s t i n g  team t o  c a r r y  on a modest program i n  

A u s t r a l i a .  

ORGAN I C  GEOCHEMI STRY 

C . Ra i ner Berger Account No.  448604 

Th is  research  w i l l  be con t inued  when a new supp ly  o f  

t h u c h o l i t e  i s  r e c e i v e d .  

SOLID STATE P H Y S I C S  

H .  E .  Bommel 

Con t inu ing  p r o j e c t .  

Account No. 448611 
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CRYSTAL GROW1 NG LABORATORY 

H .  E .  Bommel 
W .  F .  L i b b y  

Account No. 44861 1 

E l e c t r i c a l  power i n s t a l l a t i o n  f o r  t h e  m u f f l e  furnace,  

plasma j e t  and Cz roch ra l sk i  c y r s t a l  p u l l e r  was completed i n  

June. A f t e r  t h i s  t h e  Cz roch ra l sk i  c r y s t a l  p u l l e r  was assem- 

b l e d  and t e s t e d .  Th is  equipment w i l l  be used t o  grow s i n g l e  

c r y s t a l s  o f  s i l i c o n  and copper. The plasma j e t  i s  be ing  

assembled by t h e  manufacturers ,  MHD Research I n c .  

A Bridgman fu rnace was designed and c o n s t r u c t e d  i n  t h e  

l a b o r a t o r y  and has been used t o  grow s i n g l e  c r y s t a l s  o f  

lead,  z i n c ,  magnesium and indium. The c r y s t a l s  have been 

X-rayed i n  t h e  Eng ineer ing  Department. At tempts a r e  now 

b e i n g  made t o  grow s i n g l e  c y r s t a l s  o f  l ead  and magnesium 

doped w i t h  Europium. Th is  r e q u i r e s  use o f  b o t h  the  Bridgman 

and m u f f i e  fu rnaces .  

The hydrothermal  press was used i n  an a t tempt  t o  f r e e z e  

i n  t h e  h i g h  pressure  phase o f  t e l l u r i u m .  Th is  was done by 

c o o l i n g  a sample o f  t e l l u r i u m ,  under h i g h  pressure,  f rom 550°C 

t o  n i t r o g e n  tempera ture .  X-ray d i f f r a c t i o n  p a t t e r n s  were then 

made o f  t h e  t e l l u r i u m ,  and i t  was checked f o r  s u p e r c o n d u c t i v i t y .  

Th i s  process i s  now b e i n g  t r i e d  on a sample o f  s t r o n t i u m .  
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EXPER I MENTAL PLASMA PHYS I CS PROGRAM 

K .  R .  MacKenzie Account No. 448622 

M r .  Thomas Kar ras  has been gran ted  t h e  Ph.D. degree. He 

observed t w o  d i s t i n c t  modes o f  RF breakdown wh ich  he was a b l e  

t o  c o r r e l a t e  w i t h  t h e  t h e o r y  developed i n  h i s  t h e s i s  e n t i t l e d  

"RF Breakdown i n  a Non l inear  E l e c t r i c  F i e l d " .  The m a t e r i a l  

i s  b e i n g  prepared f o r  p u b l i c a t i o n .  

The t h e s i s  o f  E .  Lindman e n t i t l e d  "RF Breakdown i n  a 

L i n e a r  E l e c t r i c  F i e l d "  has been completed. Th is  work was 

done w i t h  pure  gases i n  an u l t r a h i g h  vacuum system. I n  a 

breakdown mode which depends on c o l l i s i o n s  w i t h  gas atoms, 

t h e  resonances as p r e d i c t e d  by t h e  Math ieu equa t ion  were 

observed, b u t  t h e  RF v o l t a g e  l e v e l s  r e q u i r e d  were (as expected) 

r o u g h l y  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  i o n i z a t i o n  p o t e n t i a l  o f  

t h e  gas. A d e v i a t i o n  i n  what was p r e v i o u s l y  i d e n t i f i e d  as t h e  

resonance mode o f  breakdown was observed which seems t o  be 

s t r o n g l y  sur face-dependent .  The mechanism has n o t  been iden-  

t i f i e d .  

MAR I NER PROJECT 

P .  J. Coleman, J r .  Account No. 448615 

I n t r o d u c t i o n  

Under t h i s  p r o j e c t ,  a group has been formed which i s  con- 

ce rned  f o r  t h e  most p a r t  w i t h  t h e  r e d u c t i o n  and a n a l y s i s  o f  da ta  

6 



o b t a i n e d  f r o m  exper imenta l  work i n  magnet ic  f i e l d s  and magneto- 

hydrodynamics. Dur ing  the  r e p o r t i n g  p e r i o d  t h e  group c o n s i s t e d  

o f  t h r e e  h a l f t i m e  computer programmers (g raduate  s tudents  i n  

mathematics o r  p h y s i c s )  and two da ta  readers  and keypunch 

opera to rs  (undergraduate s tuden ts ) .  

Prociress Durinci t h e  Per iod  

Dur ing  t h i s  p e r i o d ,  t h e  r e d u c t i o n  and a n a l y s i s  o f  da ta  f rom 

t h e  magnetometer c a r r i e d  by Mar iner  I I  were con t inued .  Tasks 

which were completed i nc lude :  

( a )  The r e d u c t i o n  and a n a l y s i s  o f  p r e - f l i g h t  da ta  p e r t a i n -  

i n g  t o  t h e  magnet ic f i e l d s  generated a t  t he  magnetometer by 

c u r r e n t s  i n  t h e  s p a c e c r a f t .  The r e s u l t s  o f  t h i s  a n a l y s i s  

p r o v i d e d  s e t s  o f  cons tan ts  r e l a t i n g  t h e  magnitudes o f  t h e  DC 

c u r r e n t s  i n  t h e  v a r i o u s  spacec ra f t  c i r c u i t s  t o  the  components 

o f  t h e  magnet ic  f i e l d s  produced by these c u r r e n t s  a t  t h e  

magnetometer sensor .  Us ing  these cons tan ts ,  and t h e  t e l e -  

metered magnitudes o f  t h e  spacec ra f t  c u r r e n t s ,  c o r r e c t i o n s  

t o  t h e  magnet ic  f i e l d  values measured d u r i n g  t h e  e n t i r e  f l i g h t  

were c a l c u l a t e d .  

( b )  The a n a l y s i s  o f  t h e  i n - f l i g h t - c a l i b r a t i o n  ( IFC)  da ta  

was n e a r l y  completed. These da ta  c o n s i s t  o f  t h e  f i e l d  changes 

recorded when t h e  IFC c i r c u i t  was a c t u a t e d  i n  f l i g h t .  S ince 

t h e  IFC f i e l d  changes a r e  i n  s u p e r p o s i t i o n  w i t h  t h e  n a t u r a l l y  

o c c u r r i n g  changes i n  t h e  ambient f i e l d ,  t h e  usual  s t a t i s t i c a l  

methods were employed t o  separate t h e  components o f  t h e  

recorded changes c o n t r i b u t e d  by t h e  IFC f rom o t h e r  f i e l d  

changes o c c u r r i n g  s imu l taneous ly .  
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( c )  The r e d u c t i o n  o f  data o b t a i n e d  i n  an e f f o r t  t o  

determine t h e  c u r r e n t  paths which m i g h t  have been s e t  up when 

t h e  Mar ine r  s o l a r  panels fa i l l ed .  These measurements r e s u l t e d  

f rom l a b o r a t o r y  s i m u l a t i o n  o f  p o s s i b l e  f a i l u r e  mode c u r r e n t  

paths u s i n g  t h e  p r o o f - t e s t  model o f  t h e  Mar iner-R.  

( d )  The p r o d u c t i o n  o f  a computer program t o  a c c u r a t e l y  

d e f i n e  and c l a s s i f y  t h e  pe r iods  o f  t h e  f l i g h t  f o r  which no 

magnetometer data a r e  a v a i  l a b l e .  

( e )  The p r o d u c t i o n  o f  a computer program t o  e s t a b l i s h  

t h e  i n t e r v a l s  o f  t h e  f l i g h t  d u r i n g  which t h e  recorded temperature 

o f  t h e  magnetometer e l e c t r o n i c s  package aboard Mar ine r  I I  was 

va r y i ng . 

Several  o f  t h e  i tems d iscussed above a r e  d e s c r i b e d  i n  more 

d e t a i l  i n  t h e  r e p o r t  p e r t a i n i n g  t o  work accompl ished under NASA 

g r a n t  NsG 249, s i n c e  these tasks were a c t u a l l y  suppor ted by 

funds from b o t h  NsG 237 and NsG 249. ine reasons for- t h i s  j o i i i t  

e f f o r t  have been d iscussed p r e v i o u s l y .  However, i n  t h e  l a t e s t  

renewal f o r  NsG 249, funds were s p e c i f i c a l l y  requested f o r  t he  

suppor t  o f  t h e  Mar iner  P r o j e c t  group work ing  under NsG 237.  

The requested funds were made a v a i l a b l e  e f f e c t i v e  J u l y  1 ,  1964. 

A c c o r d i n g l y ,  f rom t h a t  da te  t h i s  group has been suppor ted under 

NsG 249. Thus, t h e  Mar iner  P r o j e c t  s e c t i o n  o f  t h e  r e p o r t  on 

NsG 237 w i l l  n o t  appear i n  f u t u r e  r e p o r t s  on t h e  UCLA Space 

Program, 

- I  . .  
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MAGNETOHYDRODYNAMICS PROJECT 

P .  J .  Coleman, J r .  
U .  Fehr 

Account No. 448616 

I n t roduc t i on 

The work under t h i s  p r o j e c t  i s  i n tended  t o  y i e l d  l abo ra -  

t o r y  f a c i l i t i e s  which w i l l  p rov ide  an environment s u f f i c i e n t l y  

low i n  magnet ic n o i s e  t o  pe rm i t  t e s t i n g  and c a l i b r a t i o n  o f  

r e l a t i v e l y  s e n s i t i v e  magnetometers. The b a s i c  component o f  

these f a c i l i t i e s  i s  a m a g n e t i c a l l y  s h i e l d e d  room which i s  

in tended t o  p r o v i d e  a work ing volume c o m p a r a t i v e l y  f r e e  f rom 

man-made magnet ic no ise,  as w e l l  as n a t u r a l l y  o c c u r r i n g  mag- 

n e t i c  no ise,  n o r m a l l y  found i n  t h e  l a b o r a t o r y .  

Proqress D u r i n q  t h e  P e r i o d  

As mentioned i n  p r e v i o u s  r e p o r t s ,  t h e  non-magnetic t e s t  

chamber, in tended t o  p r o v i d e  a wide range o f  env i ronmenta l  

t emp&ra tu res  i~ ! I t h in  t h e  m a q n e t i c a l l y  - q u i e t  volume o f  t h e  

s h i e l d e d  room, has been completed by D e l t a  Design, Inc. ,  and 

d e l i v e r e d  t o  UCLA. Work on m o d i f i c a t i o n s  o f  t h e  room which 

a r e  r e q u i r e d  f o r  t h e  i n s t a l l a t i o n  o f  t h e  t e s t  chamber system 

c o n t i n u e d  d u r i n g  t h e  p e r i o d .  

One o f  t h e  more d i f f i c u l t  problems encountered i n  t h i s  

m o d i f i c a t i o n  program was one t h a t  i n v o l v e d  t h e  connec t ion  o f  

t h e  temperature chamber w i t h i n  t h e  s h i e l d e d  room t o  t h e  ducts  

wh ich  c a r r y  t h e  h o t  and c o l d  a i r  f rom t h e  c o n t r o l  equipment t o  

t h e  room. Th is  a i r  must f l o w  through duc ts  c l o s e  t o  t h e  w a l l s  
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o f  t h e  room, b u t  t he  w a l l s  themselves must n o t  be a l l o w e d  t o  

change temperature,  s i n c e  t h e i r  magnet ic c h a r a c t e r i s t i c s  a r e  

temperature-dependent. The more conven t iona l  techniques o f  

a v o i d i n g  temperature changes i n  t h e  w a l l s  i n v o l v i n g  t h e  use 

o f  t h i c k  i n s u l a t i o n  were u n d e s i r a b l e  because i t  was necessary 

t o  m in im ize  t h e  area o f  t h e  openings i n  t h e  m a g n e t i c a l l y  

s h i e l d e d  w a l l s  through wh ich  the a i r  was t o  f l o w .  To s o l v e  

t h i s  problem, a r u n n i n g  water system which w i l l  m a i n t a i n  t h e  

a f f e c t e d  area o f  t h e  w a l l s  a t  c o n s t a n t  temperature was de- 

s igned .  The i n s t a l l a t i o n  w i l l  be undertaken by the  B u i l d i n g  

and Grounds Department i n  t h e  immediate f u t u r e .  

The work p e r t a i n i n g  t o  the t e s t i n g  and m o d i f i c a t i o n  o f  t he  

f a c i l i t y  proceeded a t  a somewhat s lower pace d u r i n g  t h i s  p e r i o d  

due to t h e  f a c t  t h a t  t h e  f a c i l i t y  was i n  c o n s i d e r a b l e  demand f o r  

use i n  t e s t i n g  and e v a l u a t i n g  seve ra l  magnetometers. We a r e  

s t i l l  p l a n n i n g  t o  complete the t e s t i n g  a n d  modificatisn o f  t h e  

s h i e l d e d  room f a c i l i t y  by t h e  end o f  t h e  summer. However, t he  

r e c e n t  acceptance by NASA o f  our  proposal  f o r  t h e  O G O - E  space- 

c r a f t  may lead  t o  a somewhat l a t e r  c o m p l e t i o n  date,  s i n c e  we 

hope t o  develop a r a t h e r  s p e c i a l i z e d  magnetometer f o r  our  OGO-E 

exper iment .  T h i s  development may i n v o l v e  f u r t h e r  demands f o r  

o p e r a t i n g  t ime i n  t h e  f a c i l i t y .  
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ANTENNA PROJECT 

P .  J. Coleman, J r .  
E. S .  G i l l e s p i e  

Account No. 44861 7 

I n t r o d u c t i o n  

The work under t h i s  p r o j e c t  i s  in tended t o  e s t a b l i s h  

t h e  f e a s i b i l i t y  and d e s i r a b i l i t y  o f  u s i n g  s i g n a l s  t r a n s m i t t e d  

by s p a c e c r a f t  i n  deep space t o  o b t a i n  c a l i b r a t i o n s  o f  e a r t h -  

based antennas, p a r t i c u l a r l y  r a d i o  as t ronomica l  t e lescopes .  

Proqress Dur i nq t h e  Per i od. 

As a n t i c i p a t e d  i n  p rev ious  r e p o r t s ,  t he  f i r s t  phase o f  

t h e  work on t h i s  p r o j e c t  i nc luded  a t h e o r e t i c a l  s tudy  t o  es-  

t a b l i s h  t h e  impor tan t  parameters o f  such a c a l i b r a t i o n  system 

and t h e i r  e f f e c t s  upon t h e  accuracy o f  t h e  r e q u i r e d  measure- 

ments. T h i s  phase a l s o  inc luded a comparison between t h e  

method under s tudy  and t h e  methods p r e s e n t l y  used fo r  such 

c a l i b r a t i o n s  i n  o r d e r  t o  a l l o w  an assessment o f  t h e i r  r e i a t i v e  

mer i t s .  

D u r i n g  t h i s  per iod ,  t h i s  t h e o r e t i c a l  s tudy  and comparison, 

wh ich  was under taken by E .  S .  G i l l e s p i e ,  was completed. The 

r e s u l t s  o f  t h i s  work w i l l  be p resented  i n  d e t a i l  i n  M r .  G i l l e s p i e ' s  

r e p o r t  e n t i t l e d  "A Survey o f  t h e  Methods o f  T e s t i n g  Large Anten- 

nas." The summary con ta ined  i n  t h e  r e p o r t  reads as f o l l o w s :  

"A 1 i t e r a t u r e  search has been conducted t o  e s t a b l i s h  t h e  

s t a t e  of t h e  a r t  o f  t e s t i n g  l a r g e  antennas i n  an e f f o r t  t o  

1 1  



determine t h e  v a l u e  o f  t he  use o f  space v e h i c l e s  as sources o f  

t e s t  s i g n a l s .  The l a s t  such survey t h a t  was pub l i shed  was t h a t  

o f  Cumming i n  1959. Since then t h e r e  has been an impress ive  

advance i n  t h e  use o f  c e l e s t i a l  sources fo r  such measurements. 

improved techniques i n  measurements o f  ga in,  r a d i a t i o n  p a t t e r n ,  

and p o i n t i n g  accuracy have been r e p o r t e d .  Th is  improvement 

has been t h e  r e s u l t  o f  improved i n s t r u m e n t a t i o n  i n  rad iomet ry  

and f r o m  t h e  f a c t  t h a t  radar  and t e l e m e t r y  workers a r e  now 

e x p l o i t i n g  r a d i o  astronomy techniques fo r  antenna c a l i b r a t i o n .  

"As a r e s u l t  o f  t h i s  l i t e r a t u r e  survey, i t  i s  f e l t  t h a t  

t h e  use o f  s p a c e c r a f t  o r  s a t e l l i t e s  cannot  be j u s t i f i e d  a t  t h i s  

t ime because t h e  method would n o t  c o n s t i t u t e  a s u b s t a n t i a l  

improvement over  o t h e r  methods o f  t e s t i n g .  However, t h i s  method 

m i g h t  be p r o f i t a b l y  employed i n  o b t a i n i n g  o t h e r  s c i e n t i f i c  i n f o r -  

mat ion,  such as i n f o r m a t i o n  concern ing  atmospher ic  e f f e c t s . "  

Due t o  t h i s  recen t  improvement i n  t h e  techniques u s i n g  

c e l e s t i a l  sources f o r  such c a l i b r a t i o n s ,  t h e  s tudy  o f  t h e  

f e a s i b i l i t y  o f  u s i n g  s i g n a l s  t r a n s m i t t e d  from s p a c e c r a f t  f o r  

t h i s  purpose has been te rmina ted .  M r .  G i l l e s p i e l s  r e p o r t  w i l l  

be completed i n  t h e  near f u t u r e .  
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ROCKET PROJECT 

P .  J .  Coleman, J r .  
U. Fehr 

Account No. 448626 

The upper atmosphere may be c h a r a c t e r i z e d  as a d i l u t e ,  

p a r t i a l l y  ion ized,  i n t e r a c t i n g ,  c h e m i c a l l y  r e a c t i n g ,  r a d i a t i n g  

gas m i x t u r e ,  embedded i n  the  magnet ic and g r a v i t a t i o n a l  f i e l d s  

o f  t h e  e a r t h .  The d e t a i l e d  behavior o f  t h i s  complex medium 

can be s t u d i e d  by produc ing  a r t i f i c i a l  p e r t u r b a t i o n s  i n  t h e  

medium and o b t a i n i n g  simultaneous measurementsof any a c o u s t i c  

and e lec t romagne t i c  d is tu rbances  t h a t  a r e  generated by t h e  

p e r t u r b a t i o n s .  N a t u r a l l y  o c c u r r i n g  d i s tu rbances  w i l l  a l s o  

p r o v i d e  some o f  t h e  d e s i r e d  i n f o r m a t i o n .  

I n  o rde r  t o  p r o v i d e  a systemat ic  s tudy  o f  such d i s t u r -  

bances, we i n t e n d  t o  per fo rm t h e  f o l l o w i n g  tasks  i n  t h i s  

p r o j e c t  : 

( 1 )  The development o f  techniques fo r  a r t i d i c i a l l y  

g e n e r a t i n g  i n f r a s o n i c  a c o u s t i c  waves and ex t reme ly  l o w -  

f requency e lec t romagne t i c  waves i n  t h e  ionosphere and above. 

( 2 )  The development o f  techniques for  d e t e c t i n g  such 

d i s tu rbances  b o t h  on t h e  ground and i n  t h e  magnetosphere 

above t h e  atmosphere. 

( 3 )  The development o f  systems wh ich  w i l l  p e r m i t  

a c c u r a t e  c o r r e l a t i o n  s tud ies  o f  t h e  s i g n a l s  r e c e i v e d  s imu l -  

taneous ly  by t h e  e lec t romagnet ic  and a c o u s t i c  de tec to rs ,  b o t h  

a t  t h e  s u r f a c e  and a l o f t .  
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( 4 )  The a n a l y s i s  o f  the  e f f e c t s  o f  t h e  ionosphere and 

t h e  more d i s t a n t  magnetosphere upon hydromagnetic waves and 

a c o u s t i c  waves p r o p a g a t i n g  th rough them. 

D u r j n g  t h e  n e x t  s i x  months, we expec t  t o  pursue t h e  

development o f  t h e  a c o u s t i c  d e t e c t o r  systems and t h e  magneto- 

meter  systems fo r  t h i s  p r o j e c t .  These systems w i l l  i n c l u d e  

b o t h  r o c k e t - b o r n e  and ground-based v e r s i o n s  t o  f a c i l i t a t e  

measurements o f  e f f e c t s  produced a t  t h e  boundary o f  t h e  

ionosphere .  

SOLAR NEUTRONS AND THE EARTH'S  R A D I A T I O N  BELTS 

E.  J, Flamm 
R .  E .  L i n g e n f e l t e r  

Account No. 448620 

A paper e n t i t l e d  as above was p u b l i s h e d  i n  Sc ience,  144, 
pp. 292-294, A p r i l  17, 1964. 

NEUTRON PRODUCTION I N  SOLAR FLARES 

E .  J. Flamm 
R .  E .  L i n g e n f e l t e r  Account No. 448620 

C a l c u l a t i o n s  a r e  p r e s e n t l y  b e i n g  made o f  t h e  i n t e n s i t y  

and energy spec t rum of  neut rons  produced i n  s o l a r  f l a r e s  by 

a c c e l e r a t e d  p r o t o n  i n t e r a c t i o n s  w i t h  he1,ium. The expected 

f l u x  o f  t h e  e a r t h  i s  a l s o  b e i n g  c a l c u l a t e d .  
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PROMINENCE E M I S S I O N  LINE POLARIZATION AND OTHER RESEARCH 

I N  ASTRONOMY 

C.  L. Hyder Account No. 448604 

1 .  Prominence Emission L i n e  P o l a r i z a t i o n  

A .  Observa t ions .  

A Savar t  p l a t e  p o l a r i s c o p e  was b u i l t  and i n s t a l l e d  

a t  t h e  p r ime  focus o f  t h e  1 6 - i n c h  coronagraph a t  Climax, 

Colorado l a t e  i n  1963. A t tempts  t o  measure t h e  p o l a r i -  

z a t i o n  i n  prominence H d e m i s s i o n  f i n a l l y  b o r e  f r u i t  on 

March 16, 1964. Since then, 16 o b s e r v a t i o n s  o f  p o l a r i -  

z a t i o n  i n  10 d i f f e r e n t  prominences have been o b t a i n e d .  

The r e s u l t s  o f  these o b s e r v a t i o n s  have been so g r a t i -  

f y i n g  t h a t  severa l  o b s e r v a t i o n a l  programs i n v o l v i n g  

measures o f  p o l a r i z a t i o n  i n  emiss ion  from prominences, 

t h e  corona, t h e  chromosphere, f l a r e s ,  surges, e t c .  a r e  

c u r r e n t l y  underway. Some, i f  n o t  a l l ,  o f  t hese  p r o -  

grams w i  1 1  be extended and c o n t i n u e d  th roughout  a t  

1 e a s t  one so l  a r c y c l  e. 

B. l n t e r p r e t a t  ions .  

1 .  F l a r e - a s s o c i a t e d  Loops 

On t h e  f i r s t  day t h a t  p o l a r i z a t i o n  was observed 

(March 16, 1964), loops  formed a t  t he  west l i m b  

a f t e r  a small  f l a r e .  I was a b l e  t o  o b t a i n  measures 

o f  t h e  p o l a r i z a t i o n  i n  t h e  H d e m i s s i o n  f rom these 

loops ( C .  L. Hyder, 1964a). Simple i n t e r p r e t a t i o n s  



' *  

o f  t h e  r e s u l t s  lead t o  a d e t e r m i n a t i o n  o f  t h e  

f i e l d  s t r e n g t h  i n  t h e  loops o f  45 t o  60 gauss. 

Th is  i s  the  f i r s t  t ime  t h a t  an e m p i r i c a l  va lue  has 

been es tab l  ished f o r  magnet ic f i e l d  s t r e n g t h s  i n  

loop prominences. I was a b l e  a l s o  t o  determine 

t h e  d i r e c t i o n  o f  t h e  f i e l d  i n  the  loops.  A l l  o f  

t he  i n t e r p r e t a t i o n s  o f  t h e  obse rva t i ons  a r e  i n  

agreement w i t h  observa t ions  o f  photospher ic  f i e l d s  

i n  the  a c t i v e  reg ion below the  loops.  The va lues 

f o r  t he  s t reng ths  o f  t h e  f i e l d s  i n  the  loops are ,  

however, lower than one would expect f rom qual  i -  

t a t  i ve t heo r e t  i cal a rguments. 

Repeated and more d e t a i l e d  obse rva t i ons  w i l l  

shed much l i g h t  on the  n a t u r e  o f  loop prominence 

and a c t i v e  reg ion phenomena. 

2 .  QGiescent Prminences  

The i n t e r p r e t a t i o n s  o f  prominence emiss ion 1 i n e  

p o l a r i z a t i o n  obse rva t i ons  were g i ven  a f i rm founda- 

t i o n  by the  research c a r r i e d  o u t  i n  my d i s s e r t a t i o n  

and submi t ted f o r  pub1 i c a t i o n  ( J .  W. Warwick and 

C. L .  Hyder 1964a, b ) .  

My i n t e r p r e t a t i o n s  o f  t h e  da ta  ob ta ined  e a r l i e r  

t h i s  year have led  t o  two p r e l i m i n a r y  conc lus ions  

( C .  L .  Hyder, 1964b) t h a t  a r e  be ing  checked by 

c o n t i n u i n g  observa t ions  o f  prominence emiss ion l i n e  
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p o l a r i z a t i o n .  These conc lus ions  a r e  ( a )  promi-  

nences a r e  formed i n  two ways: ( i )  b i p o l a r  magnet ic 

reg ions  t h a t  form and evo lve  i n  t h e  usual  coherent  

f a s h i o n  may g i v e  r i s e  t o  a prominence which d i v i d e s  

the  reg ions  o f  oppos i te  magnet ic  p o l a r i t y ,  and ( i i )  

two u n i p o l a r  magnetic reg ions,  e s s e n t i a l l y  unasso- 

c i a t e d  and o f  oppos i te  p o l a r i t y ,  a c c i d e n t a l l y  d r i f t  

t oge the r  and es tab l  i s h  c o n d i t i o n s  t h a t  a r e  condu- 

c i v e  t o  prominence fo rma t ion ;  and ( b )  t he  f i r s t  o f  

these two c lasses  ( i )  leads t o  prominence magnet ic 

f i e l d s  which a re  ordered and coherent1 y changing 

ove r  a s o l a r  cyc le ,  w h i l e  t h e  prominences found i n  

t h e  second c o n f i g u r a t i o n  ( i i )  a r e  t y p i f i e d  by ran-  

domly o r i e n t e d  magnetic f i e l d s  t h a t  e x h i b i t  no 

coherent  p a t t e r n  f rom one prominence t o  t h e  nex t .  

The p o l a r i z a t i o n  o f  prominence emiss ion l i n e s  

i s  ve ry  s e n s i t i v e  t o  t h e  s t r e n g t h  and o r i e n t a t i o n  

o f  t he  prominence magnet ic f i e l d s ;  thus, t he  promi -  

nences o f  c l a s s  ( i )  w i l l  l ead  t o  a coherent  p a t t e r n  

o f  p o l a r i z a t i o n .  We may study these prominences as 

a group and determine t h e  n a t u r e  o f  t h e i r  general 

s t r u c t u r e ,  e v o l u t i o n ,  and a s s o c i a t i o n s  w i t h  o t h e r  

s o l a r  f e a t u r e s .  The prominences o f  c l a s s  ( i i ) ,  

however, w i l l  lead t o  no coherent  p a t t e r n s  o f  p o l a -  

r i z a t i o n  b u t  w i l l  be s t u d i e d  i n d i v i d u a l l y .  



I t  i s  p o s s i b l e  t h a t  c e r t a i n  types o f  prominences 

(e .g .  ascending prominences) may be o f  one c l a s s  

o r  t h e  o t h e r ,  and we may ge t  some c r u c i a l  c l u e s  

about general  s o l a r  phys i cs  f rom these s t u d i e s .  

Ref e rences 

Hyder, C .  L. (1964a), Ap. J .  140 ( L e t t e r  t o  t h e  E d i t o r ) .  

Hyder, C. L .  (1964b), submi t ted t o  Ap. J .  

Warwick, J .  W .  and C .  L .  Hyder (1964a, b ) ,  submi t ted  t o  
AP. J .  

I I .  Coronal Emission L ine  P o l a r i z a t i o n  

Whi le  a t  Cl imax I ob ta ined  obse rva t i ons  o f  p o l a r i -  

z a t i o n  i n  t h e  "green corona l  l i n e "  o f  FeXlV ( ~ 5 3 0 3 )  

which i n d i c a t e d  t h a t  t h e  r e s u l t s  o f  R. W.  Wood (1905)  

were c o r r e c t  and t h a t  t he  r e s u l t s  o f  t he  Russian group 

headed by Mog i l evsk i i  (1960) were i n  e r r o r .  

i d i d  t h e  f i r s t  t h e z r e t i c a !  research  (C. L .  Hyder, 

1 9 6 4 ~ )  t o  e s t a b l i s h  upper 1 i m i t s  f o r  the  p o l a r i z a t i o n  

i n  severa l  coronal  emission l i n e s .  I n  genera l ,  t he  

r e s u l t s  o f  M o g i l e v s k i i ,  et d. a r e  imposs ib ly  h igh .  

I found t h a t  t he  "red coronal  1 ine"  o f  Fe X ( ~ 6 3 7 4 )  

cannot be p o l a r i z e d ,  w h i l e  the  Russians found p o l a r i -  

z a t i o n s  rang ing  from 50% t o  80% i n  t h i s  l i n e .  T h e i r  

r e s u l t s  f o r  t h e  "green 1 i ne"  a t  t he  s o l a r  equator  1 i e  

r i g h t  a t  t h e  upper l i m i t  which I determined t h e o r e t i -  

c a l l y  w i t h  h i g h l y  c o n t r i v e d  c o n d i t i o n s  i n  t h e  corona. 



Whi le  the  e q u a t o r i a l  r e s u l t s  f o r  t h e  green 1 i n e  a r e  

p o s s i b l e ,  I do n o t  cons ider  them l i k e l y  t o  be c o r r e c t  

They a l s o  r e p o r t  obse rva t i ons  o f  imposs ib l y  h i g h  de- 

grees o f  p o l a r i z a t i o n  f o r  t h e  "green l i n e ' '  near  t h e  

sun ' s  n o r t h  p o l e .  For these reasons, I f e e l  t h a t  t h e  

Russian o b s e r v a t i o n s  should be d iscounted .  

Verbal approval  o f  a proposal  t o  t h e  AF Cambridge 

Research Labora to r ies  has been rece ived  t o  conduct 

obse rva t i ons  o f  p o l a r i z a t i o n  i n  corona l  1 ines d u r i n g  

t h e  May 30, 1965 e c l i p s e .  I n t e r p r e t a t i o n s  o f  t he  

e c l  ipse  da ta  w i l l  lead t o  d e t e r m i n a t i o n s  of c ross  sec 

t i o n s  f o r  c o l l i s i o n a l  e x c i t a t i o n  o f  corona l  1 ines,  

coronal  magnet ic  f i e l d  c o n f i g u r a t i o n s ,  and magnitudes 

and d i r e c t i o n s  of e l e c t r o n  s t reaming i n  t h e  corona. 

Ref e rences 

Hyder, C .  L. (1964c) ,  Ap. J. ( i n  p r e s s ) .  

M o g i l e v s k i i ,  E. et d . ( 1 9 6 0 ) ,  Sov. As t ron . ,  4, 225. 

Wood, R. W. (1905),  Pub. U. S. Naval Obsy., 4, 0116. 

1 1 1 .  RANDOM M I C R O S C O P I C  M A G N E T I C  FIELDS I N  A PLASMA 

I n  c o l l a b o r a t i o n  w i t h  J. W. Warwick ( 1 9 6 4 ~ )  I con- 

ducted a t h e o r e t i c a l  research t o  de termine t h e  random 

f i e l d s  t h a t  e x i s t  a t  an atom due t o  t h e  randomly pas- 

s i n g  charges i n  a plasma. We found t h a t  i n  s t e l l a r  

photospheres the  un i fo rm f i e l d  would need t o  exceed 

5 o r  10 gauss be fore  t h e r e  would be c l e a r  o rdered 
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. 

f i e l d  e f f e c t s  as f a r  as 1 i n e a r  p o l a r i z a t i o n  measure- 

ments were concerned. These r e s u l t s  a r e  c r u c i a l  t o  

e f f o r t s  t o  determine t h e  t ransve rse  component o f  t h e  

genera l  s o l a r  f i e l d  from measurements o f  1 i n e a r  p o l a -  

r i z a t i o n  i n  f raunhofer  1 i nes  i n  t h e  s o l a r  spectrum. 

I n  o r d e r  f o r  t h e  s imple i n t e r p r e t a t i o n s  t h a t  a r e  be- 

i n g  used t o  be Val i d ,  t h e  t ransve rse  component o f  t h e  

general  s o l a r  f i e l d  must exceed 8 gauss. 

The same r e s u l t s  a r e  appl  i c a b l e  t o  measures o f  

p o l a r i z a t i o n  i n  l a b  plasmas, i . e .  t h e  imposed u n i f o r m  

f i e l d s  must exceed a few hundred gauss be fo re  t h e  e f -  

f e c t s  of  t h e  random m i c r o s c o p i c  plasma f i e l d s  may be 

neg lec ted  i n  t h e  i n t e r p r e t a t i o n s  of p o l a r i z a t i o n  ob-  

s e r v a t i o n s  i n  these plasmas. 

Ref e rences 

Hyder, C =  L e  and J. W .  Warwick ( 1 9 6 4 ~ 1 ,  submi t ted  t o  Ap. J. 

I V .  The P o l a r  Crown o f  F i l amen ts  and t h e  Sun's  P o l a r  

Maqnet ic  F i e l d s  

A s tudy  o f  t h e  l a t i t u d e  of  p o l a r  f i l a m e n t s  and 

t h e  s u n ' s  p o l a r  f i e l d s  ( C .  L. Hyder, 1964d) shows t h a t  

t h e  p o l a r  f i e l d s  reversed p o l a r i t y  j u s t  when t h e  p o l a r  

crowns o f  f i l a m e n t s  rushed t o  t h e  p o l e s  d u r i n g  t h e  

l a s t  sunspot maximum. 
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The unique f e a t u r e  o f  t h i s  event  i s  t h a t  t h e  f i e l d s  

reve rsed  p o l a r i t y  a t  t h e  t w o  po les  18 months a p a r t .  The 

r e v e r s a l s  occu r red  i n  mid-1957 a t  t h e  south  p o l e  and i n  

l a t e  1958 a t  t h e  n o r t h  p o l e .  Thus t h e  i m p l i e d  and vague- 

l y  understood r e l a t i o n s h i p  between t h e  p o l a r  crown o f  

f i l a m e n t s  and t h e  p o l a r  f i e l d s  has been g i ven  a f i r m  

o b s e r v a t i o n a l  f o o t i n g .  We may now hope t o  l e a r n  t h e  

n a t u r e  o f  t h e  r e l a t i o n s h i p  f r o m  s t u d i e s  o f  prominences, 

f i l a m e n t s ,  and p o l a r  f i e l d s  i n  d e t a i l  over t h e  s o l a r  

c y c l e .  
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F u r t h e r  research  w i l l  be conducted under Account Number 
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D l S S l P A T l O N  OF TIDAL ENERGY 

W .  M. Kaula Account No. 448604 

A s tudy  was completed on t h e  d i s s i p a t i o n  o f  t i d a l  energy 

by s o l i d  f r i c t i o n  i n  the  moon and t h e  e a r t h ' s  mant le ,  and 

on  t h e  r e s u l t i n g  e v o l u t i o n  o f  t h e  moon's o r b i t .  Assuming 

a cons tan t  d i s s i p a t i o n  f a c t o r  1 / Q ,  c h i s  e f f e c t  was found t o  

be most s i g n i f i c a n t  a t  t h e  bot tom o f  t h e  mant le  near t h e  po le ,  

where a r e s u l t  o f  2 x 0 

enough t o  be an apprec a b l e  source o f  heat  f o r  p l a u s i b l e  

va lues  o f  Q.  Near t h e  sur face,  t h e  r e s u l t  was o n l y  

- 6  e rgs  ~ m - ~ s e c - ~  was ob ta ined:  
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.02 x 10-6/Q ergs  ~ m - ~ s e c - ' ,  w h i l e  i n  t h e  moon t i d a l  f r i c -  

t i o n  was an even more n e g l i g i b l e  source o f  heat .  A t h e o r y  

o f  o r b i t a l  e v o l u t i o n  was developed i n  which t h e  d i s t u r b i n g  

f u n c t i o n  was expressed i n  a F o u r i e r  s e r i e s  w i t h  respec t  t o  

t ime, so t h a t  t h e  e f f e c t s  o f  v a r i a t i o n  o f  t h e  d i s s i p a t i o n  

f a c t o r  o r  l a g  ang le  w i t h  ampl i tude and frequency c o u l d  be 

exam i ned. 

ANALYSIS OF EARTH SATELLITE O R B I T S  

W .  M. Kaula Accoil.;i No. 448604 

Th is  a n a l y s i s  was cont inued f o r  t he  purpose o f  d e t e r -  

m i n i n g  v a r i a t i o n s  i n  t h e  e a r t h ' s  g r a v i t a t i o n a l  f i e l d . .  * The 

work was c a r r i e d  on i n  coopera t i on  w i t h  NASA Goddard Space 

F1 i g h t  Center.  The most s i g n i f i c a n t  new r e s u l t s  were ob-  

t a i n e d  u s i n g  t h e  24-hour o r b i t  o f  Syncom 1 1  which exper ience 

a resonance w i t h  c e r t a i n  s p h e r i c a l  harmonics of t h e  g r a v i -  

t a t i o n a l  f i e l d .  The s e n s i t i v i t y  of t h i s  o r b i t  i s  such t h a t  

i t  proves d e t e r m i n a t i o n  o f  n o t  o n l y  the  e q u a t o r i a l  e l l i p t i -  

c i t y ,  b u t  a l s o  some h ighe r  harmonics, e s p e c i a l l y  J 3 3 '  

work u s i n g  near  sate1 1 i t e s  has concent ra ted  on combining 

Doppler  w i t h  camera t r a c k i n g ,  i n  o r d e r  t o  o b t a i n  b e t t e r  

c o n d i t i o n i n g ,  and has progressed slow1 y because o f  computer 

problems. 

Other  

A general  procedure was developed f o r  numer ica l  i n t e -  

g r a t i o n  o f  o r b i t s  designed t o  combine e f f i c i e n c y  and 
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a d a p t a b i l  i t y  t o  d i f f e r e n t  problems. P r i n c i p a l  f e a t u r e s  a r e  

t h e  use o f  equat ions  o f  mot ion i n  terms o f  K e p l e r i a n  e l e -  

ments and t h e  averag ing  o f  t h e  d i s t u r b i n g  f u n c t i o n .  Problems 

t o  which t h e  program has been a p p l i e d  a r e  t h e  e v o l u t i o n  o f  

t h e  moon's o r b i t  due t o  t i d a l  f r i c t i o n ;  t h e  l i f e t i m e s  o f  

moon s a t e l l i t e  o r b i t s ;  and r a d i a t i o n  p ressu re  and drag  e f -  

f e c t s  on e a r t h  s a t e l  1 i t e s .  An e r r o r  p ropaga t ion  t h e o r y  o f  

t s  was developed, p r i m a r i l y  f o r  t h e  more 

on o f  geode t i c  and geophysica l  parameters 

c l o s e  s a t e l  1 i t e  o r b  

accu ra te  de te rm ina t  

Professor  Kaul a has completed a tex tbook  "Theory o f  

Sate1 1 i t e  Geodesy" and submi t ted i t  f o r  pub1 i c a t i o n  t o  

B l a i s d e l l  D i v i s i o n  o f  Ginn & Company. 
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W .  F. L i b b y  
L .  L. Wood 
J .  Leventhal  

Account No. 448604 

A n a l y s i s  o f  g l a c i a l  i ce  samples f rom Mount Everest  i s  

n e a r l y  completed. Our main problem o f  con tamina t ion  by t h e  

h i g h  l e v e l s  o f  t r i t i u m  i n  l a b o r a t o r y  a i r  i s  s t i l l  w i t h  us, 

b u t  every  p r e c a u t i o n  i s  be ing taken. 

RADIOCHEMICAL STUDIES 

R. H. I de  Account No. 448604 
W e  F .  L i b b y  

The r e s u l t s  o f  t h i s  research formed t h e  t o p i c  o f  D r .  

I d e l s  t h e s i s ,  o f  which the A b s t r a c t  f o l l o w s .  
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The Produc t ion  of  T r i t i u m  and Helium-3 by Pro ton  Bombard- 

ment o f  Me ta l s :  S o l a r  O r i g i n  o f  T e r r e s t r i a l  T r i t i u m  

A b s t r a c t  

Radiochemical analyses o f  recovered s a t e l  1 i t e s  have 

generated cons ide rab le  i n t e r e s t  i n  n u c l e a r  r e a c t i o n s  i n i t i -  

a t e d  by r e l a t i v e l y  low energy (C 150 MeV) s o l a r  p ro tons .  

O f  p a r t i c u l a r  i n t e r e s t  a re  t h e  r e s u l t s  o b t a i n e d  f o r  t he  

D iscove re r  X V I  I s a t e l  l i t e ,  which was i n  o r b i t  d u r i n g  t h e  

i n t e n s e  s o l a r  f l a r e  o f  November 12, 1960. The amounts o f  

t r i t i u m  and he l ium-3  found i n  p o r t i o n s  o f  t h e  recovered 

s a t e l l  i t e  appear t o  be one and two o r d e r s  o f  magnitude too  

l a r g e  r e s p e c t i v e l y  t o  be exp la ined  as  p roduc ts  o f  r e a c t i o n s  

induced by s o l a r  p ro tons .  The f a c t  t h a t  t h e  he1 ium-3 con- 

t e n t  was rough ly  t e n  t i m e s  t h a t  o f  t r i t i u m  i s  e s p e c i a l l y  

i n t e r e s t i n g ,  s i n c e  pro ton- induced n u c l e a r  r e a c t i o n s  were 

expected t o  produce r o u g h l y  equal amounts o f  these two 

iso topes .  

The expected y i e l d s  o f  p r o t o n  r e a c t i o n s  were based 

m a i n l y  on r e s u l t s  o f  work done w i t h  p ro tons  o f  f a i r l y  h i g h  

energy (z 150 Mev), whereas t h e  m a j o r i t y  o f  t h e  s o l a r  p r o -  

tons  s t r i k i n g  D iscove re r  XVII had energ ies  below 100 MeV. 

Very l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on p r o d u c t i o n  o f  

he1 ium-3 i n  p r o t o n  r e a c t i o n s .  
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I n  o r d e r  t o  h e l p  e x p l a i n  t h e  r e s u l t s  o f  t h e  analyses 

o f  D iscove re r  X V I I ,  Professor  L i b b y  and I f e l t  t h a t  measure- 

ments o f  t h e  c ross  sec t i ons  f o r  t h e  p r o d u c t i o n  o f  t r i t i u m  

and he1 ium-3, and espec ia l  1 y o f  t h e  r a t i o  o f  these c ross  

sec t i ons ,  should be c a r r i e d  o u t  f o r  p r o t o n  energ ies  i n  t h e  

v i c i n i t y  o f  30-50 MeV. 

Acco rd ing l y ,  t a r g e t s  o f  aluminum and i r o n  were bom- 

barded w i t h  30-45 Mev pro tons .  Each t a r g e t  was then sp l  i t ,  

and t h e  r e l a t i v e  gross gamma a c t i v i t y  o f  t h e  two p o r t i o n s  

was determined. One p o r t i o n  o f  each t a r g e t ,  t o g e t h e r  w i t h  

b lanks  o f  t h e  t a r g e t  m a t e r i a l s ,  was then exposed t o  a t h e r -  

mal neu t ron  f l u x  o f  about 5 x 10’’ n/cm . 2 

The t r i t i u m  c o n t e n t  o f  a l l  t h e  samples was determined 

by a system o f  vacuum e x t r a c t i o n  and gas coun t ing .  

The t r i t i u m  i n  t h e  t a r g e t  p o r t i o n s  which had been i r r a -  

d i a t e d  w i t h  neut rons  arose from t h r e e  soi i rces:  p rs t zn -  

induced reac t i ons ,  neut ron  i r r a d i a t i o n  o f  t a r g e t  m a t e r i a l  

i m p u r i t i e s ,  and neu t ron  i r r a d i a t i o n  o f  he1 ium-3. The 

amount o f  t r i t i u m  expected f rom t h e  f i r s t  t w o  sources c o u l d  

be eva lua ted  on t h e  bas i s  o f  t h e  t r i t i u m  con ten t  o f  t h e  un-  

i r r a d i a t e d  p o r t i o n s  o f  the t a r g e t s  and o f  t he  i r r a d i a t e d  

t a r g e t  m a t e r i a l  b lanks .  The a d d i t i o n a l  amounts o f  t r i t i u m  

i n  t h e  i r r a d i a t e d  t a r g e t  p o r t i o n s  were due t o  neu t ron  i r r a -  

d i a t i o n  o f  he l ium-3  and c o u l d  be used t o  c a l c u l a t e  t h e  

amount o f  he l ium-3 produced i n  t h e  t a r g e t s  by p r o t o n  bom- 

ba rdmen t . 
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The r e s u l t s  of  t h i s  work i n d i c a t e  t h a t  t h e  r a t i o  

o 3/oH3 f o r  bombardment o f  b o t h  a1 umi num and i ron w i  t h  

35-50 MeV p r o t o n s  l i e s  i n  t h e  range 0 .8  - 1.5. The r e -  

s u l t s  c o n c l u s i v e l y  show t h a t  t h e  t r i t i u m  and hel ium-3 i n  

D iscove re r  X V I  I were no t  produced by s o l a r  p ro tons .  

He 

SOLAR RADIOACTIVITY 

L. L. Wood 
W. F .  L i b b y  

Con t i nu i ng p r o j  ec t . 

ULTRAVIOLET I N V E S T I G A T I O N  

Car l  Jensen 
W. F. L i b b y  

Acceun t No. 448624 

Account No. 448624 

With t h e  development of t h e  h i g h  d e n s i t y  plasma source 

o f  extreme u l t r a v i o l e t  energy repo r ted  prev ious1 y, we have 

proceeded w i t h  i r r a d i a t i o n  exper iments on chemical systems. 

S ince  methane i r r a d i a t i o n  exper iments a r e  o f  ex t reme ly  

g r e a t  i n t e r e s t  i n  t h e  s t u d i e s  of b o t h  p l a n e t a r y  atmos- 

pheres, Jov ian  type, and o f  fundamental processes i n  r a d i a -  

t i o n  chemis t ry ,  systems c o n t a i n i n g  methane have been chosen 

f o r  t h e  b u l k  o f  t h e  i n i t i a l  s t u d i e s .  

P re l  im ina ry  exper iments on such systems a r e  i n  process. 

Resu l t s  so f a r  a r e  more than o r d i n a r i l y  encouraging, b o t h  

from a t h e o r e t i c a l  and from a p r a c t i c a l  p o i n t  o f  v iew.  

Methane i n  q u i t e  d i f f u s e  c o n c e n t r a t i o n s  ( i n  m ic rons )  has 
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been conver ted  w i t h  cons ide rab le  e f f i c i e n c y  t o  hydrocarbons 

o f  h i g h e r  mo lecu la r  we igh t .  Th i s  has occu r red  i n  b o t h  pu re  

methane systems and i n  systems s i m i l a r  t o  proposed Jov ian  

a tmo sp he res.  

Thus we a r r i v e  a t  the ex t reme ly  i n t e r e s t i n g  conc lus ion  

t h a t  methane on J u p i t e r  p o s s i b l y  i s  b e i n g  conver ted  w i t h  

c o n s i d e r a b l e  e f f i c i e n c y  t o  long c h a i n  hydrocarbons. I n  a 

sense then, t h e  s o l a r  extreme u l t r a v i o l e t  f l u x  i s  r e s p o n s i b l e  

f o r  a cont inuous  "hydrocarbon r a i n "  on J u p i t e r .  Exper iments 

a r e  underway t o  c o r r e l a t e  t h i s  w i t h  t h e  r e c e n t l y  observed 

inc rease  i n  temperature o f  J u p i t e r ' s  atmosphere when i n  t h e  

shadow o f  a moon ( B .  C .  Murray et aJ., Ap.  J. 139, 986,1964). 

F u r t h e r  work i s  proceeding a l o n g  these 1 ines,  as w e l l  

as a p p l i c a t i o n  o f  t h i s  work t o  r a d i a t i o n  chemis t ry ,  where 

i t  i s  a n t i c i p a t e d  t h a t  t h i s  work w i l l  supp ly  impor tan t  i n f o r -  

ma t ion  concerning t h e  b a s i c  c h e m i s t r y  i nvo !ved=  

H i GH POWER PLASMA GENERATOR 

C .  A .  Jensen 
L .  L .  Wood 
W. F. L i b b y  

Account No. 448624 

C o n s t r u c t i o n  has r e c e n t l y  been completed o f  a v e r y  

high-power i n d u c t i v e 1  y-coupled plasma genera t i ng  dev ice .  

T e s t i n g  i s  now underway. 
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The power supp ly  f o r  t h i s  dev i ce  i s  capable o f  d e l i v e r -  

i n g  g r e a t e r  than 500 kw cont inuous rad io f requency  power ove r  

a broad c o n t i n u o u s l y  v a r i a b l e  band. I n  a d d i t i o n ,  p u l s e  capa- 

b i l i t i e s  o f  t h e  u n i t  p e r m i t  o p e r a t i o n  t o  10 megawatts. The 

power supp ly  i s  con ta ined  i n  an u n u s u a l l y  maneuverable and 

unprecedented1 y smal l  volume., , as a r e s u l t  o f  e x t e n s i v e  appl  i - 
c a t i o n  o f  t h e  l a t e s t  developments i n  t h e  s t a t e  o f  t h e  a r t .  

Th is  power i s  c u r r e n t l y  be ing  used i n  t h e  c r e a t i o n  o f  

l a r g e  volume, v e r y  h i g h  temperature plasmas by i n d u c t i v e  

coup1 i n g  between t h e  supp ly  and t h e  plasma. Maximum power 

o p e r a t i o n  under t h e  p roper  c o n d i t i o n s  has n o t  ye t  been a c h i e -  

ved so t h a t  maximum temperature capab i l  i t i e s  a r e  unknown, b u t  

s t r a i g h t f o r w a r d  e x t r a p o l a t i o n  f rom prev ious1 y o b t a i n e d  r e s u l t s  

i n d i c a t e s  t h a t  temperatures o f  severa l  hundred thousand de- 

grees K e l v i n  should be e a s i l y  o b t a i n a b l e  w h i l e  o p e r a t i n g  w i t h  

gases a t  a tmospher ic  pressure.  H igh  temperatures 'can, o f  

course, be o b t a i n e d  by o p e r a t i o n  a t  reduced pressures  and t h e  

ins t rument  has been b u i l t  w i t h  t h e  c a p a b i l i t y  o f  o p e r a t i n g  

a t  p ressures  c o n s i d e r a b l y  below one mic ron .  

One impor tan t  f e a t u r e  o f  t h e  system i s  t h e  absence o f  

d i r e c t  c o n t a c t  between t h e  plasma and any sol i d  body. Fo r  

t h i s  reason t h e r e  i s  no l i m i t a t i o n  imposed on o p e r a t i o n  a t  

h i g h  temperatures due t o  m a t e r i a l s  problems. The maximum a t -  

t a i n a b l e  temperatures a r e  t h e r e f o r e  1 i m i t e d  by t h e  genera l  

p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  plasma i t s e l f ,  thus p r o v i d i n g  
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t h e  p roper  medium f o r  s tudy  of such systems. A t  t h e  same 

t ime, t h e  absence o f  a m a t e r i a l  c o n t a i n e r  s i m p l i f i e s  i m p u r i t y  

problems. 

As p a r t  of o u r  research program w i t h  t h i s  appara tus  we 

propose t o  i n v e s t i g a t e  g e n e r a l i z a t i o n s  o f  t h e  t y p e  o f  e x p e r i -  

ments per formed r e c e n t l y  b y  Babykin e t  a l . '  and o t h e r s  con- 

c e r n i n g  t h e  c r e a t i o n  and containment o f  v e r y  h i g h  temperature 

plasmas. Our apparatus,  however, w i l l  p e r m i t  con t inuous  opera-  

t i o n  a t  power l e v e l s ,  f i e l d  s t reng ths ,  and thus  temperatures 

achieved b y  p r e v i o u s  workers o n l y  d u r i n g  t r a n s i e n t s  o f  a few 

tens  o f  microseconds d u r a t i o n .  i t  i s  a n t i c i p a t e d  t h a t  tempe- 

r a t u r e s  i n  t h e  mu1 t i m i l  1 i o n  degree range w i l l  be a t t a i n e d  i n  

cont inuous  plasmas a t  app rec iab le  d e n s i t i e s ,  and t h a t  i n f o r -  

ma t ion  o f  c o n s i d e r a b l e  i n t e r e s t ,  b o t h  t h e o r e t i c a l  1 y and 

p r a c t i c a l  1 y, w i  1 1  be gained. 

11- hr. h3\icr I I u y +  engaged i n  a ~ r o g r a r n  t o  de termine t h e  o s c i l l a t o r  

s t r e n g t h s  ( f - v a l u e s )  o f  severa l  e lements o f  g r e a t  a s t r o p h y s i c a l  

i n t e r e s t  w i t h  Pro fessor  Lawrence A l l e r  and h i s  group i n  t h e  

Astronomy Department; t h e  present  va lues  a r e  unacceptab ly  un- 

c e r t a i n  and i t  i s  hoped t h a t  t h e  c u r r e n t  s t u d i e s  w i l l  p e r m i t  

t h e  c o n s t r u c t i o n  o f  s i g n i f i c a n t l y  more re1 i a b l e  models o f  

s t e l  l a r  atmospheres. The advantages o f  t h e  p resen t  approach 

i n c l u d e  separa t i on  o f  t h e  element s t u d i e d  f rom c o n t a c t  w i t h  

o t h e r  p a r t s  o f  t h e  system and t h e  r e l i a b l e  a t t a i n m e n t  of  much 

h i g h e r  temperatures than were p r e v i o u s l y  a v a i l a b l e .  Poss ib le  
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disadvantages i n c l u d e  the  d i f f i c u l t y  o f  f i r m l y  e s t a b l i s h i n g  

t h e  e x i s t e n c e  o f  l o c a l  thermodynamic e q u i l  i b r i u m  and the  

problem o f  de te rm in ing  p r e c i s e l y  the  plasma d e n s i t y  so as t o  

o b t a i n  a b s o l u t e  o s c i l l a t o r  s t rengths ;  b u t  these w i l l  be con- 

s i d e r a b l y  l e s s  severe than i n  p r e v i o u s  approaches t o  t h e  

problem and w i l l  undoubtedly y i e l d  t o  t h e  same methods o f  

s o l u t i o n  t h a t  have been employed i n  t h e  pas t .  

Another program t o  s tudy i n  depth  t h e  p r o p e r t i e s  o f  

l a r g e  s t r a i n - f r e e  c r y s t a l s  o f  r e f r a c t o r y  m a t e r i a l s  has been 

launched i n  c o n j u n c t i o n  w i t h  P ro fesso r  Hans Bdmmel's group 

i n  t h e  Phys ics Department, under t h e  auspices o f  t h e  C r y s t a l  

Growing Labora to ry .  The plasma genera t i on  u n i t  has t h e  capa- 

b i l  i t y  o f  h e a t i n g  r e l a t i v e l y  l a r g e  amount o f  so l  i d  o r  1 i q u i d  

m a t e r i a l  i n j e c t e d  i n t o  t h e  p r e - i o n i z a t i o n  r e g i o n  t o  any de- 

s i  red temperature by r a d i a t i o n  and conduct ion ,  and t h i s  

c a p a b i l i t y  w i l l  be employed t o  grow and, s imu l taneous ly ,  

anneal c r y s t a l s  o f  r e f r a c t o r y  m a t e r i a l  s o f  b o t h  t h e o r e t i c a l  

and eng ineer ing  i n t e r e s t  i n  a manner c o n s i d e r a b l y  s u p e r i o r  

t o  most methods h i t h e r t o  u t i 1  ized.  

The h i g h  vacuum c a p a b i l i t y  o f  t h e  u n i t ,  combined w i t h  

t h e  h i g h  v o l t a g e  o p e r a t i o n  o f  t h e  main o s c i l l a t o r  and a v e r y  

h i g h  Q o f  t h e  o s c i l l a t o r  tank, have been used t o  o b t a i n  r f  

v o l t a g e s  as h i g h  a s  50 kv  p e r  t u r n  o f  t he  p l a t e  tank  c o i l ,  

and i t  i s  a n t i c i p a t e d  t h a t  t h i s  w i l l  be increased s e v e r a l f o l d  

i n  t h e  near f u t u r e .  Such vo l tage  and assoc ia ted  c u r r e n t  
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c a p a b i l  i t i e s ,  as we1 1 as be ing  ex t reme ly  use fu l  i n  h i g h  power 

c o u p l i n g  t o  plasmas, as mentioned above, o f f e r  t h e  p o s s i b i l i t y  

o f  c r e a t i n g  ve ry  h i g h  v o l t a g e  r f  t rans formers  and thus  p a r t i  - 
c l e  a c c e l e r a t o r s  i n  unusua l l y  smal l  volumes. We a r e  c u r r e n t l y  

c o n s t r u c t i n g  a 50 Mev e l e c t r o n  a c c e l e r a t o r  a long  these l i n e s  

t o  be employed as t h e  a c t i v e - u n i t  i n  an extreme u l t r a v i o l e t -  

synchroton r a d i a t i o n  source, employing magnet ic  b remsst rah lung 

i n  t h e  manner d iscussed by  Schwinger and o t h e r s ;  r a d i a t i o n  

s t r o n g l y  peaked about a r e a d i l y  c a l c u l a t e d  va lue  can be ob- 

t a i n e d  a t  a power l e v e l  o f  tens o f  k i l o w a t t s  i n  t h i s  fash ion ,  

w i t h  t h e  peak r e a d i l y  s h i f t e d  f rom a few tens o f  h g s t r o m s  t o  

about  1000 ings t roms  by a p p r o p r i a t e  v a r i a t i o n  o f  t h e  a c c e l e r a -  

t i n g  v o l t a g e  and magnet ic f i e l d  s t r e n g t h .  Th is  dev i ce  w i l l  

t h u s  produce v e r y  l a r g e  q u a n t i t i e s  o f  r a d i a t i o n  i n  a p o o r l y  

i n v e s t i g a t e d  p o r t i o n  o f  t h e  spectrum whose g r e a t  s i g n i f i c a n c e  

i n  a s t r o p h y s i c s  i n  genera l ,  and space e x p l o r a t i o n  i n  p a r t i c u -  

l a r ,  has become more and more apparent  r e c e n t l y .  T h i s  dev i ce  

i s ,  o f  course,  n o t  l i m i t e d  t o  t h e  a c c e l e r a t i o n  o f  e l e c t r o n s .  

2 

Other  

and w i l l  be 

References 

1 Babykin, 
b u l e n t l  Y 

p r o j e c t s  i n  these f i e l d s  a r e  i n  t h e  des ign  s tage 

d iscussed i n  f u t u r e  r e p o r t s .  

t\ M. V.  e t  a l . ,  Trapping and Containment o f  a Tur-  
, Heated Plasma in  a M i r r o r  System,” Sov. Phys.JETP 

- 16, No. 4, 1092, 1963. 

2 Schwinger, J . ,  “On t h e  C l a s s i c a l  R a d i a t i o n  o f  Acce le ra ted  
Electrons: Phys. Rev. 75 , 1912, 1949. 

31 



. . 

ANALYSES OF CARBON COMPOUNDS I N  CARBONACEOUS CHONDRITES 

W .  F. L i b b y  Account No. 448629 

A group t o  a s s i s t  i n  the analyses o f  carbonaceous c h o n d r i t e s  

was organ ized i n  February w i t h  t h e  n o t i c e  p u b l i s h e d  i n  Science 

i n  A p r i l .  Support  has been g i ven  by NASA ( D r .  Freeman Quimby) 

fo r  s p e c i a l  e f f o r t s  t o  analyze t h e  o r g a n i c  f r a c t i o n .  The UCLA 

work has been l a r g e l y  r e s t r i c t e d  t o  an e lementary a n a l y s i s  w i t h  

s tandard  methods o f  t h e  neut ron  a c t i v a t i o n .  These r e s u l t s  

check the  l i t e r a t u r e  va lues  ve ry  w e l l  and i n d i c a t e  t h a t  our 

sample o f  Murray, wh ich  i s  the p a r t i c u l a r  m e t e o r i t e  g i ven  us 

by D r .  Henderson, i s  a u t h e n t i c .  D r .  Biemann o f  M. I .T .  and 

D r .  L i p s k y  o f  Yale a r e  now engaged i n  an a n a l y s i s  o f  t h e  

o r g a n i c  f r a c t i o n .  I t  has been asked whether an a d d i t i o n a l  

a n a l y t i c a l  group i s  needed i n  v iew o f  t h e  number o f  people 

a l r e a d y  i n t e r e s t e d  i n  t h e  analyses o f  carbonaceous c h o n d r i t e s .  
. .  
We cons idered it was essential beeaiise t h e  i m p ~ r t a n c e  e f  the 

da ta  and va lue  o f  t h e  m a t e r i a l  a r e  b o t h  so g r e a t .  

Members o f  t h e  group inc lude :  

K laus Biemann, M. 1 .T. 
Samuel Eps te in ,  C . I .T .  
E .  P .  Henderson, U.S. Na t iona l  Museum 
E .  C .  Horni.ng, Baylor U n i v e r s i t y  
S .  R .  L ipsky ,  Ya le  U n i v e r s i t y  
Gregg Mamikunian, J.P.L. 
B r i a n  Mason, American Museum o f  Na tu ra l  H i s t o r y  
W .  G.  Meinschein,  Esso Research and Eng ineer ing  Co. 
John Oro, U n i v e r s i t y  o f  Houston 
W .  F. L ibby ,  Chairman, UCLA 
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BIOLOGICAL SCIENCES 

THE EFFECT OF ROCKET EXHAUST GASES ON THE C O M P O S I T I O N  OF THE 

FLORA AND FAUNA I N  THE INTERTIDAL ZONE 

R .  A .  B o o l o o t i a n  Account No. 448674 

L o c a t i o n  o f  r o c k e t  launch ing  s i t e s  a t  or near t h e  ocean 

shore may pose a problem o f  concern t o  both t h e  m i l i t a r y  and 

the  c i v i l i a n  p o p u l a t i o n .  Since r o c k e t  exhausts a r e  known t o  

produce a number o f  t o x i c  products  dependent upon t h e  f u e l  

used, t h e r e  e x i s t s  t h e  poss ib i  l i t y  o f  con tamina t ion  o f  t h e  

ocean l i f e ,  p r i m a r i l y  t h a t  encountered i n  t h e  i n t e r t i d a l  zone. 

Contaminat ion o f  t h i s  i n t e r t i d a l  zone i s  o f  importance s i n c e  

m o d i f i c a t i o n  o f  t h e  mar ine  l i f e  a t  t h i s  p o i n t  may w e l l  cause 

r e f l e c t i o n s  i n  t h e  popu la t i ons  o f  ocean l i f e  i n  o t h e r  a reas .  

The purpose o f  t h i s  proposed program i s  twofo ld :  

( 1 )  To determine a t  some conven ien t  l o c a t i o n ,  such as a t  

P o i n t  A r g u e l l o ,  whether the re  has been con tamina t ion  o f  t h e  

i n t e r t i d a l  zone and t o  what e x t e n t  t h i s  con tamina t ion  i s  o f  

a s e r i o u s  n a t u r e .  

( 2 )  To determine the  p h y s i o l o g i c a l  responses o f  i n t e r t i d a l  

an ima ls  t o  t h e  common t o x i c  p roduc ts  encountered i n  r o c k e t  ex- 

haus t  w i t h  an eye toward d e f i n i n g  p e r m i s s i b l e  c o n c e n t r a t i o n s  

o f  t o x i c  p roduc ts ,  responses t o  these produc ts ,  and ways o f  

c o n t r o l l i n g  or e l i m i n a t i n g  u n d e s i r a b l e  c o n c e n t r a t i o n s  o f  t o x i c  

m a t e r i a l s .  
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Method o f  l n v e s t i q a t i o n  

The methods t h a t  w i l l  be used under t h i s  program a r e  two- 

f o l d  i n  na ture ,  and t o  a l a r g e  measure may be c a r r i e d  on s i m u l -  

taneous 1 y . 
( 1 )  A survey o f  i n t e r t i d a l  an ima ls  w i l l  be conducted a t  

P o i n t  A r g u e l l o  over  a p e r i o d  o f  two years .  Th is  survey w i l l  

be compared t o  a s i m i l a r  one c a r r i e d  o u t  s imu l taneous ly  a t  

a l o c a t i o n  t h a t  would a f f o r d  a comparable environment except  

f o r  t h e  p o s s i b l e  r o c k e t  exhaust con taminates .  

( 2 )  Animals f r o m  b o t h  P o i n t  A r g u e l l o  and the  c o n t r o l  

a rea  w i l l  be examined t o  determine r e s p i r a t i o n  c h a r a c t e r i s t i c s ,  

genera l  s t a t e  o f  h e a l t h  and r e p r o d u c t i v e  c a p a c i t y .  Animals 

from b o t h  areas w i l l  be used t o  determine " k i l l i n g  curvesi i  f o r  

t h e  p r i n c i p a l  contaminant  found i n  t h e  P o i n t  A r g u e l l o  a r e a .  

Animals f r o m  b o t h  areas w i l l  be ma in ta ined  i n  t h e  presence o f  

known c o n c e n t r a t i o n s  o f  t o x i c  m a t e r i a l  and t h e  r e v e r s i b i l i t y  

o f  any d e s t r u c t i v e  responses w i l l  be s t u d i e d .  

PATTERN RECOGNIT ION OF SENSORY SIGNALS I N  ANIMALS 

T .  H .  B u l l o c k  Account No. 448675 

The purpose o f  t h i s  research  i s  t o  i n v e s t i g a t e  i n  p a r t i c -  

u l a r l y  f a v o r a b l e  an imals ,  i n c l u d i n g  mar ine  mammals and f i s h ,  

how complex s i g n a l s  rece ived  by t h e  sense organs, such as 

sounds and s i g h t s ,  a r e  processed by t h e  b r a i n  i n  o rde r  t o  

. ach ieve  r e c o g n i t i o n ,  and t o  ana lyze  t h e  r e l e v a n t  events  
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a t  t h e  l e v e l  o f  u n i t  nerve c e l l s  a t  d i f f e r e n t  p o i n t s  a l o n g  t h e  

a f f e r e n t  pathway. The present  suppor t  w i l l  p e r m i t  a concen- 

t r a t e d  a t t a c k  by add ing  one e l e c t r o p h y s i o l o g i c a l  s t a t i o n  t o  

t h e  p resen t  complement. Wi th  t h e  program underway, i t  i s  

expected t h a t  o u t s i d e  suppor t  fo r  cont inuance w i l l  be a t t r a c t e d .  

The genera l  program of matching s i g n a l s ,  i n  t h e  presence 

o f  no i se ,  a g a i n s t  some predetermined c r i t e r i a  ( r e c o g n i t i o n )  

i s  b a s i c  i n  communciat ion sc ience.  I t  i s  so l ved  i n  t h e  b r a i n  

of  an imals  i n  a more e legan t  degree than i s  y e t  understood.  

But recen t  developments have d r i v e n  deep wedges i n t o  t h e  d i f f i -  

c u l t  n e u r o p h y s i o l o g i c a l  problem o f  exposing t h e  mechanisms 

employed i n  t h e  b r a i n . l j 2  Research has begun w i t h  e f f o r t s  

t o  ana lyze  nerve c e l l s  i n  the v i s u a l  pathway t h a t  responds 

o n l y  t o  r a t h e r  complex events i n  t h e  v i s u a l  environment,  

and a p r e l i m i n a r y  paper has been p u b l i s h e d  i n  Sc ience.  We 

a r e  beg inn ing  t o  do t h e  sa ix  fo r  cen t r a !  u n i t s  I n t e g r a t i n g  

from t h e  p e r i p h e r a l  e l e c t r o r e c e p t o r s  i n  e l e c t r i c  f i s h ,  

t oge the r  w i t h  two v i s i t i n g  p o s t d o c t o r a l  i n v e s t i g a t o r s ,  D rs .  

P .  S .  Enger o f  Norway and T .  Szabo o f  France. 

We a r e  anx ious t o  e x p l o i t  t h e  s p e c i a l  advantages of  t h e  

a u d i t o r y  system. Here t h e  p h y s i c a l  a t t r i b u t e s  o f  t h e  s i g n a l  

1 .  G r i n n e l ,  A .  D. ,  t h r e e  papers on c e n t r a l  neurophys io logy  
o f  h e a r i n g  i n  ba ts ,  J. P h v s i o l . ,  June 1963. 

2.  Maturana, H .  R . ,  J.  Y .  L e t t v i n ,  W.  S .  McCulloch, and 
W .  H .  P i t t s ,  J. Gen. Phvs io l  . 2  41, (6 ,  Supp l . ) ,  129-175, 
on complex r e c o g n i t i o n  u n i t s  i n  t h e  f r o g  v i s u a l  systems. 
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a r e  easy t o  d e f i n e  and c o n t r o l ;  an imals  ach ieve  remarkable 

f e a t s  o f  r e c o g n i t i o n ,  and a good deal  i s  known about t h e  pe r -  

i p h e r a l  r e c e p t i v e  mechanism and i t s  f i l t e r s .  

The p resen t  proposal  contemplates b r i n g i n g  t h e  l e a d i n g  

worker on c e n t r a l  neurophys io logy o f  ba ts ,  D r .  A lan  G r i n n e l l  

o f  Harvard, and a second t e c h n i c a l l y  e x c e l l e n t  worker on 

h e a r i n g  i n  i n s e c t s  and mammals, D r .  T .  Suga o f  Tokyo, t o  

t h e  UCLA campus. I t  i s  planned t o  s e t  up exper iments i n  

t w o  aspects  o f  t h e  problem, one i n  t h e  Los Angeles l a b o r -  

a t o r i e s ,  and one i n  t h e  La J o l l a  l a b o r a t o r i e s  o f  t h e  B r a i n  

Research I n s t i t u t e .  

THE BIOLOGICAL CLOCK I N  RELATION TO SEED GERMINATION, FLOWERING 

I N  P H A R B l T l S  AND INSECT METAMORPHOSIS 

K .  C .  Hamner 
M.  W .  C o u l t e r  
T. HQshIz lk I  
A .  Takimoto 

Account No. 448670 

S tud ies  on t h e  n a t u r e  o f  t h e  b i o l o g i c a l  c l o c k  have 

c o n t i n u e d  w i t h  i n v e s t i g a t i o n s  o f  p h o t o p e r i o d i c  f l o w e r i n g  

responses, p h o t o p e r i o d i c  s e n s i t i v i t y  o f  seed f o r  germinat ion ,  

and t h e  p e r i o d i c i t y  o f  l e a f  movements i n  p l a n t s .  We have 

proposed t h a t  s t u d i e s  o f  p e r i o d i c  endogenous rhythms, and 

p a r t i c u l a r l y  those under pho toper iod i c  c o n t r o l ,  would h e l p  

r e v e a l  t h e  mechanism o f  b i o l o g i c a l  t ime  measurement. 

S tud ies  of t h e  pho toper iod i c  responses o f  P h a r b i t i s  nil 
(Japanese morn ing g l o r y )  and G l y c i n e  max ( B i l o x i  soybean) by 
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Drs .  Takimoto and C o u l t e r ,  r e s p e c t i v e l y ,  have shown t h a t  t h e  

b i o l o g i c a l  c l o c k ,  or  t i m i n g  mechanism o f  each, has t h r e e  

separa te  and d i s t i n c t  components. Two o f  t h e  components a r e  

rhy thmic  processes and may be phased, o r  perhaps 

by " l i g h t  on" and " l i g h t  o f f "  s i g n a l s .  The t h i r d  

appears t o  ope ra te  l i k e  an i n t e r v a l  t imer  and may 

c i a t e d  w i t h  a c r i t i c a l  da rk  requ i rement .  D r .  Cou 

a l s o  conducted i n v e s t i g a t i o n s  w i t h  Xanthium wh ich  

n i t i a t e d  

component 

be asso- 

t e r  has 

i n d i c a t e  

a p u l s a t i o n  response t o  l i g h t  p e r t u r b a t i o n s  s i m i l a r  t o  one 

o f  t he  components e x h i b i t e d  by  P h a r b i t i s .  I n  l i g h t  o f  t h e  

i n f o r m a t i o n  p rov ided  by P h a r b i t i s ,  t h e  p h o t o p e r i o d i c  response 

o f  Xanthium w i l l  be c a n p l e t e l y  r e i n v e s t i g a t e d  i n  o rde r  t o  

determine i f  o t h e r  t i m i n g  components a r e  p r e s e n t .  

Screening s t u d i e s  on seed ge rm ina t ion  by D r s .  C o u l t e r  

and Hosh izak i  have thus  f a r  revea led  no ev idence o f  endogenous 

rhythms I . I ~ ; P  V v l l I r h  mi.;ht be r e l a t e d  t o  a b i o l o g i c a l  c l o c k .  Inves- 

t i g a t i o n s  o f  hour -g lass  t ime measurements, however, have been 

pursued and p a r t i c u l a r l y  w i t h  respec t  t o  p h o t o p e r i o d i c  i n h i b i -  

t i o n  o f  seed ge rm ina t ion  i n  P h a c e l i a .  De te rm ina t ion  o f  t he  

a c t i o n  spectrum o f  t h i s  dormancy phenomenon i s  now be ing  

completed by D r .  C o u l t e r .  Extreme accuracy i n  t h i s  de termin-  

a t i o n  has been made p o s s i b l e  by t h e  development o f  a 

spec t ro rad iometer  under a gran t  t o  D r .  Hamner by t h e  Na t iona l  

Sc ience Foundat ion.  The spec t ro rad iometer  w i l l  ana lyze  1 i g h t  

and r e c o r d  a c t u a l  energy f o r  t h e  v a r i o u s  wave leng ths  o f  t h e  

v i s i b l e  spectrum. Th is  f a c i l i t y  has a l l owed  accu ra te  a n a l y s i s  
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o f  v a r i o u s  l i g h t  sources and f i l t e r  systems used w i t h  our  

b i o l o g i c a l  m a t e r i a l .  

F a c i l i t i e s  fo r  e l e c t r o n i c  m e t e r i n g  o f  l e a f  movement 

responses have now been comp'leted, and D r .  Hoshizak i  w i l l  

c o n t i n u e  t o  accumulate l e a f  movement da ta  for  computer a n a l y -  

s i s  o f  t h e  endogenous rhythm a s s o c i a t e d  w i t h  i t .  E f f o r t s  

w i l l  be made t o  determine i f  t h e  b i o l o g i c a l  c l o c k  a s s o c i a t e d  

w i t h  l e a f  movement i s  t h e  same or d i f f e r e n t  f rom t h a t  wh ich  

mediates t h e  p h o t o p e r i o d i c  f l o w e r i n g  response i n  B i l o x i  

soybean. By t h e  a p p l i c a t i o n  o f  a l t e r n a t e  l i g h t  and da rk  

t rea tments ,  a t tempts  w i l l  be made t o  de termine i f  t h e r e  a r e  

separa te  t i m i n g  components assoc ia ted  w i t h  t h e  i n i t i a t i o n  

and e x t i n c t i o n  o f  l i g h t .  

MAR I NE B 1 OLOGY 

K .  S. i b r r i s  
R .  N .  Turner Account No. 448672 

A s tudy  i s  be ing  made o f  t h e  e c h o - l o c a t i o n  c a p a c i t i e s  o f  

porpo ises  and o f  t h e  operant c o n d i t i o n i n g  o f  these an ima ls .  

There a r e  seve ra l  aspects  o f  t h i s  program o f  c o n s i d e r a b l e  

importance t o  problems o f  space b i o l o g y .  F i r s t ,  and perhaps 

o f  g r e a t e s t  importance, concerns t h e  es tab l i shment  o f  l o w  

e r r o r  l e v e l  performance i n  an ima ls  o p e r a t i n g  under operant  

c o n d i t i o n i n g  c o n t r o l s .  For an ima ls  t h a t  have been used i n  

space programs i n  the  past,  an accu ra te  b i o l o g i c a l  communica- 

t i o n  system has been absent t o  a c o n s i d e r a b l e  e x t e n t .  For 



example, i n  the  space shots  i n v o l v i n g  chimpanzees, e r r o r  

l e v e l s  were s u r p r i s i n g l y  h igh .  Work w i t h  mar ine animals  

has shown t h a t  t h i s  l e v e l  can be reduced t o  a smal l  f r a c t i o n  

o f  t h a t  found i n  these prev ious  space e f f o r t s .  Much more 

p r e c i s e  communication i s  p o s s i b l e  u s i n g  non-human s u b j e c t s  

than has been found i n  the  p a s t .  Mar ine mammals have n o t  

been cons idered f o r  t h i s  s o r t  o f  work i n  t h e  pas t ,  perhaps 

because i t  i s  f e l t  t h a t  they must be ma in ta ined  i n  a f l u i d  

medium. Th is  is n o t  t r u e ,  however, f o r  a l l  o f  them can be 

handled o u t  o f  water for  long p e r i o d s .  T h e i r  l i v e s  i n  t h e  

e s s e n t i a l l y  d imension less w o r l d  o f  water make them e s p e c i a l l y  

v a l u a b l e  fo r  c e r t a i n  space problems. For example, t h e  b o d i l y  

o r i e n t a t i o n  o f  mar ine mammals i s  o f  r e l a t i v e l y  l i t t l e  i m -  

por tance t o  them. They may opera te  i n  any p o s i t i o n  r e l a t i v e  

t o  t h e  ea r th ,  and i t  i s  f e l t  t h a t  t h i s  c a p a c i t y  may have 

a p p l i c a t i o n  t o  space problems n o t  found i n  o t h e r  mammals. 

Another p a r t i c u l a r l y  va luab le  aspect  o f  work w i t h  these 

an imals  i s  t h e i r  o b v i o u s l y  h i g h  menta l  c a p a c i t y  and b r a i n  

s i z e .  I t  i s  reasonable t o  expect  ve ry  h i g h  and comp l i ca ted  

performance f r o m  them o f  a q u a l i t y  n o t  found i n  most i n f r a -  

human s u b j e c t s .  

Another aspec t  o f  t h e  b i o l o g y  o f  mar ine mammals t h a t  

may prove v a l u a b l e  i n  space sc ience i s  t h e  unusual s leep  

p a t t e r n s  found i n  some o f  them, i n  which t h e  anima remains 

e s s e n t i a l l y  a l e r t  over  t h e  e n t i r e  24-hour p e r i o d  w t h  ve ry  
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b r i e f  moments 

about  t h e  bas 

concerns shap 

o f  s leep  in te rspe rsed .  Very l i t t l e  i s  known 

s o f  t h i s  p a t t e r n i n g .  F i n a l l y ,  p resen t  work 

ng voca l  behavior i n  these an imals .  I t  i s  

f e l t  t h a t  t h i s  method o f  communication c o u l d  be e s p e c i a l l y  

v a l u a b l e  f o r  t h e  o p e r a t i o n  o f  vo i ce -opera ted  r e l a y s  and 

t e l e m e t e r i n g  systems, i f  i t  can be made p r e c i s e  enough. 

There i s  every  i n d i c a t i o n  t h a t  these l a r g e  b r a i n  mammals 

a r e  capab le  o f  g r e a t  re f inement  o f  t h e i r  voca l  system. I t  

i s  f e l t  t h a t  a l a r g e  number o f  d i s c r i m i n a t i o n s  may be 

communicated by such shaped v o i c e  s i g n a l s ,  i n  c o n j u n c t i o n  

ow e r r o r  l e v e l s  now b e i n g  i n v e s t i g a t e d .  w i t h  t h e  

GI BBERELL NS FROM ESCHERICHIA COLI 

B. 0. Phinney 
C .  Spector 
D .  R .  Robinson 

Account No. 448673 

Pur Dose 

The s p e c i f i c  o b j e c t i v e s  o f  t h i s  research  a r e  t w o f o l d :  

1 .  To c o n f i r m  and extend unpub l ished ev idence 

r e c e n t l y  o b t a i n e d  f r o m  t h i s  l a b o r a t o r y  fo r  the  

presence o f  g i b b e r e l l i n s  i n  t h e  bacter ium, 

Escher i ch ia  c o l i .  Th is  new and unique i n f o r -  

ma t ion  w i l l  l ead  t o  a p u b l i c a t i o n  w i t h i n  t h e  

year (1964) .  

2 .  To i r r a d i a t e  Escher i ch ia  c o l i  w i t h  U - V  l i g h t  and 

screen for g i b b e r e l l i n - r e q u i r i n g  mutants .  Th is  
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aspect  i s  an e x p l o r a t o r y  s tudy  t h a t  i s  a l o g i c a l  

consequence o f  t h e  d i s c o v e r y  o f  n a t i v e  g i b b e r e l l i n s  

i n  Escher i ch ia  c o l i  . 

G i b b e r e l l i n s  a r e  a c l a s s  o f  p l a n t  hormones which o r i g i n -  

a t e  b i o s y n t h e t i c a l l y  f rom the d i t e r p e n e s .  They a r e  s t r u c t u r a l l y  

r e l a t e d  t o  t h e  s t e r i o d s ,  and they  a r e  n a t u r a l l y - o c c u r i n g  i n  

m o s t  p l a n t  p roduc ts  ea ten  by man. Whi le  l i t t l e  i s  known on 

t h e  r e l a t i o n  o f  g i b b e r e l l i n s  t o  animal n u t r i t i o n ,  they  a r e  a 

component o f  a l l  vegetables and f r u i t  ea ten  by man, and i t  

i s  q u i t e  p o s s i b l e  t h a t  they may be e s s e n t i a l  f o r  a ba lanced 

d i e t ,  and thus impor tan t  i n  n u t r i t i o n a l  requi rements f o r  space 

t r a v e l .  I t  i s  known t h a t  g i b b e r e l l i n s  a r e  e s s e n t i a l  for  many 

types o f  normal g rowth  i n  p l a n t s .  For ins tance,  t h e  absence 

o f  g i b b e r e l l i n s  i n  maize r e s u l t s  i n  dwarf ism, and t h e  a b i l i t y  

t o  respond t o  g i b b e r e l l i n s  i s  under g e n e t i c a l  c o n t r o l .  

G i b b e r e l l i n s  shou ld  be one o f  t h e  f a c t o r s  cons ide red  i n  t h e  

growth o f  p l a n t s  i n  space. The demonst ra t ion  o f  g i b b e r e l l i n s  

i n  t h e  bac te r ium Escher i ch ia  c o l i  w i l l  g r e a t l y  f a c i l i t a t e  

s t u d i e s  on t h e  metabol ism o f  g i b b e r e l l i n s ,  i . e .  where they  

come f r o m ,  what happens t o  them, what i s  t h e i r  mechanism o f  

a c t i o n .  Th is  mdcroorganism would a l s o  be u s e f u l  i n  t h e  s tudy  

o f  e f f e c t s  of  r a d i a t i o n  on b i o l o g i c a l  systems concerned w i t h  

g i b b e r e l l i n s  and growth.  

G i b b e r e l l i n s  a r e  a c l a s s  o f  compounds wh ich  markedly  

i nc rease  t h e  number and s i z e  of c e l l s  i n  p l a n t s .  The n e t  
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e f f e c t  i s  t o  inc rease t h e  s i z e  o f  t h e  p l a n t .  These compounds 

a r e  a l s o  known t o  i n i t i a t e  seed germinat ion ,  and t o  r e p l a c e  

t h e  l i g h t  requi rement  and c o l d  requi rement  fo r  t h e  f l o w e r i n g  

o f  c e r t a i n  types of  l ong  day p l a n t s .  The f i r s t  demonst ra t ion  

o f  t h e  n a t u r a l  occurrence o f  g i b b e r e l l i n s  f rom f l o w e r i n g  

p l a n t s  came f rom our  l a b o r a t o r y ;  we were a l s o  i ns t rumen ta l  i n  

t h e  f i r s t  i s o l a t i o n  and chemical c h a r a c t e r i z a t i o n  o f  a g i b b e r -  

e l l i n  from f l o w e r i n g  p l a n t s .  

De ta i  l e d  Research Proqram 

E s c h e r i c h i a  c o l i ,  K - 1 2  s t r a i n ,  w i l l  be grown as shake 

c u l t u r e s  (250  m l .  er lenmeyers) f o r  a p e r i o d  o f  72 hours a t  

28OC; i n n o c u l a t i o n  w i l l  be f r o m  a r a p i d l y  growing c u l t u r e  

u s i n g  a 1 m l .  innoculum w i t h  a c e l l  d e n s i t y  o f  10 c e l l s / m l .  6 

C e l l s  a r e  harves ted  a t  ze ro  degrees cen t ig rade ,  c e n t r i -  

fuged, and t h e  p e l l e t  recovered and immersed i n  95% acetone.  

Three consecu t i ve  e x t r a c t i o n s  a r e  made w i t h  aeetorie over a 

p e r i o d  o f  t w o  days. The acetone (100 m l . )  i s  removed by 

f l a s h - e v a p o r a t i o n ,  t h e  p r e c i p i t a t e  resuspended i n  water ,  

and t h e  water  s o l u t i o n  a d j u s t e d  t o  a pH o f  3 .  Six e x t r a c t -  

i ons  a r e  c a r r i e d  o u t  between w a t e r - e t h y l  a c e t a t e  a t  a l t e r -  

n a t i n g  pH 's  o f  3 and 8.  The f i n a l  e t h y l  a c e t a t e  f r a c t i o n  i s  

saved and s p o t t e d  on f i  l t e r  paper, chromatogrammed i n  a 

b u t a n o l - a c e t i c  a c i d  so l ven t  system, and t h e  a c t i v e  f r a c t i o n  

e l u t e d  w i t h  acetone. The a c t i v e  f r a c t i o n  i s  then assayed 

on  dwarf  maize by standard methods. F o l l o w i n g  c o n f i r m a t i o n  
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o f  b i o l o g i c a l  a c t i v i t y ,  t h e  a c t i v e  f r a c t i o n  w i l l  be f u r t h e r  

p u r i f i e d  by s i l i c i c  a c i d  chromatography and a d d i t i o n a l  b i o -  

l o g i c a l  and chemical  p r o p e r t i e s  determined.  

I n  an a t tempt  t o  f i n d  mutants o f  E s c h e r i c h i a  c o l i  which 

r e q u i r e  g i b b e r e l l i n s  for t h e i r  growth, t h e  Lederberg r e p l i c a  

p l a t i n g  technique as m o d i f i e d  by G o r i n i  w i l l  be employed. 

Th is  techn ique has been used i n  t h i s  l a b o r a t o r y  and amino 

a c i d  mutants o b t a i n e d  a t  a f requency r e p o r t e d  i n  t h e  

l i t e r a t u r e .  P u r i f i e d  g i b b e r e l l i n  p r e p a r a t i o n s  w i l l  be 

s u b s t i t u t e d  for t h e  amino a c i d  supplement and c o l o n i e s  

s e l e c t e d  f o r  t h e i r  i n a b i l i t y  t o  grow on min imal  media and 

t h e  a b i l i t y  t o  grow on g ibbe re l l i n -supp lemen ted  media. 

ENG I NEER I NG 

EFFECTS OF PROTON BOMBARDMENT ON MATERIALS FOR SHIELDING 

AGA I NST SOLAR FLARES 

J. P .  Franke l  
M .  Appel 

Account No. 448634 

I n  t h e  p rev ious  r e p o r t ,  d e t a i l s  were g i v e n  concern ing  

t h e  heavy deuteron  bombardment o f  an u l t r a p u r e  aluminum 

d i s k  and i t s  subsequent appearance. Gaping c racks  were 

d i scove red  i n  t h e  i n t e r i o r  o f  t h e  aluminum a t  a d i s t a n c e  

f r o m  t h e  s u r f a c e  upon which t h e  beam impinged e q u i v a l e n t  t o  

t h e  c a l c u l a t e d  range o f  the deuterons.  Smal ler  vo ids  
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surrounded t h e  c r a c k s .  Microhardness measurements were made 

on t h e  c u t  edge near t h e  c racks  and a l s o  f a r  f r o m  t h e  i r r a d i a t e d  

r e g i o n .  These measurements show t h a t  a s u b s t a n t i a l  i nc rease  

i n  hardness r e s u l t e d  f rom the  i r r a d i a t i o n .  I t  i s  b e l i e v e d  t h a t  

t h i s  i nc rease  i s  n o t  a t t r i b u t a b l e  t o  t h e  o r d i n a r y  mechanisms 

o f  r a d i a t i o n  hardening,  b u t  may be due t o  s o l i d  s o l u t i o n  

harden i ng. 

A t o t a l  of  f i v e  X - ray  d i f f r a c t i o n  s t u d i e s  have been 

made. Two were made of  the  back of  t h e  d e u t e r o n - i r r a d i a t e d  

d i s k ;  one was made o f  t h e  c u t  edge o f  s a i d  d i s k ;  one was 

made o f  t h e  f r o n t  o f  t h e  d i s k ,  and one was made o f  t h e  

proton-bombarded specimen. The f i v e  d i f f r a c t i o n  s t u d i e s  

y i e l d e d  20 peaks wh ich  were unaccounted f o r  by t h e  face -  

c e n t e r e d  c u b i c  s t r u c t u r e  o f  aluminum. O f  t h e  20, f o u r  were 

d u p l i c a t e s ,  and o f  t h e  16 u n d u p l i c a t e d  peaks, 13 were found 

t o  be iong  to a kexagoiial close-packed s t r u c t u r e  t h r o u g h  t h e  

use o f  a H u l l - D a v y  c h a r t .  The l a t t i c e  parameters o f  t h e  new 

s t r u c t u r e  have been determined.  

There i s  v e r y  good c o r r e l a t i o n  between t h e  d-spac ings  

o b t a i n e d  i n  these s t u d i e s  and those s t a t e d  i n  t h e  l i t e r a t u r e  

for u n s o l v a t e d  aluminum h y d r i d e  p repared  by wet chemical  means. 

I t  has f u r t h e r  been determined t h a t  s u r f a c e  e f f e c t s  a r e  

not  r e s p o n s i b l e  for  these new peaks. There a r e  no compounds 

l i s t e d  i n  t h e  ASTM Index which possess any comb ina t ion  o f  
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these t h i r t e e n  new peaks as t h e i r  p r i n c i p a l  peaks. 

Th is  research  w i l l  be c o n t i n u e d  i n  t h e  f a l l  o f  1964. 

GENERAL INSTABILITY OF STRUCTURES 

W.  C .  H u r t y  
J. N .  Habib 

Account No. 448636 

The f o l l o w i n g  i s  t h e  a b s t r a c t  o f  D r .  H a b i b ' s  Ph.D. d i s s e r -  

t a t i o n :  

A b s t r a c t  

The m a t r i x  f o r c e  and d isp lacement  methods have been w i d e l y  

accepted as most a t t r a c t i v e  and most power fu l  t o o l s  for  t h e  

a n a l y s i s  o f  complex redundant s t r u c t u r e s .  These a r e  a p p r o x i -  

mate d i s c r e t e  methods and the  f i r s t  s t e p  i n  a p p l y i n g  them t o  

any s t r u c t u r a l  problem i s  t o  d i s c r e t i z e  t h e  s t r u c t u r e .  The 

s t r u c t u r e  i s ,  hence, i d e a l i z e d  i n t o  an i n te rconnec ted  ne t  o f  

s t r u c t u r a i  eiements whose independent behavior car! be repre- 

sented by s imp le  express ions .  These express ions  a r e  then 

combined, w i t h  due rega rd  t o  c e r t a i n  boundary c o n d i t i o n s ,  t o  

f u r n i s h  t h e  complete s o l u t i o n  t o  t h e  problem. M a t r i x  a lgeb ra ,  

used throughout ,  renders the  whole process r a t h e r  compact 

and e l e g a n t .  

W i t h i n  some t e n  years o f  development, t h e  l i n e a r  m a t r i x  

methods have reached a h igh  degree o f  s o p h i s t i c a t i o n  by con- 

t i nuous  improvements i n  the i d e a l i z a t i o n  techn iques .  I n  t h i s  

s tudy,  t h e  m a t r i x  methods a r e  extended t o  cover t h e  n o n l i n e a r  
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problems o f  i n s t a b i l i t y  and l a r g e  d e f l e c t i o n s .  An e lementary 

i d e a l i z a t i o n  scheme w i t h  s imple geometr ies i s  used so t h a t  t h e  

f i n e  p o i n t s  r e l a t e d  t o  i n s t a b i l i t y  probllems w i l l  n o t  be ove r -  

shadowed by unnecessary c o m p l e x i t i e s .  

The i n s t a b i l i t y  problem i s  shown t o  be a s p e c i a l  case o f  

t h e  l a r g e  d isp lacement  a n a l y s i s .  When l a r g e  d isp lacements 

a r e  invo lved,  t h e  e q u i l i b r i u m  o f  t he  deformed s t r u c t u r e  

shou ld  be r e f e r r e d  t o  an E u l e r i a n  frame o f  r e f e r e n c e .  This  

i s  a complex procedure and renders  t h e  r e s u l t i n g  equat ions  

h i g h l y  n o n l i n e a r .  As an a l t e r n a t i v e  approach, t h e  Lagrangian 

frame o f  re fe rence  i s  r e t a i n e d  b u t  c e r t a i n  c o r r e c t i o n s  a r e  

i n t roduced  as p e r t u r b a t i o n s  t o  t h e  l i n e a r  s o l u t i o n .  

The geometr ic  n o n l i n e a r i t i e s  a s s o c i a t e d  w i t h  l a r g e  d i s -  

placements i n t r o d u c e  t w o  types o f  i n t e r a c t i o n s .  The f i r s t  

i s  a f i r s t  degree f u n c t i o n  i n  the d isp lacements and rep resen ts  

t h e  i n t e r a c t i o n  between i n t e r n a l  s t resses  and t h e  d isp lacements,  

w h i l e  t h e  second i s  a second degree f u n c t i o n  i n  t h e  d i s p l a c e -  

ments and rep resen ts  t h e i r  i n t e r a c t i o n  w i t h  t h e  i n t e r n a l  

s t r a i n s .  These i n t e r a c t i o n s  a r e  d e r i v e d  here, i n  m a t r i x  form, 

based on t h e  l i n e a r  a n a l y s i s  r e s u l t s .  

The fo rce-d isp lacement  c o u p l i n g  i s  i n t r o d u c e d  i n t o  t h e  

a n a l y s i s  as e q u i v a l e n t  f i c t i t i o u s  f o r c e s  i n  b o t h  t h e  f o r c e  

and d isp lacement  methods. The s t r a i n - d i s p l a c e m e n t  c o u p l i n g  

i s  i n t roduced  as f i c t i t i o u s  s t r a i n s  i n  t h e  f o r c e  method and 
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i s ,  hence, t r e a t e d  s imp ly  a s  i n i t i a l  s t r a i n s .  I n  t h e  d i s p l a c e -  

ment method, i t  i s  in t roduced t o  t h e  e lementa l  s t i f f n e s s  m a t r i x  

o f  the  p l a t e  element and r e s u l t s  w i t h  an incrementa l  s t i f f n e s s  

m a t r i x .  Th is  shou ld  be added t o  t h e  l i n e a r  e lementa l  s t i f f n e s s  

m a t r i x  t o  o b t a i n  what may be c a l l e d  an ins tan taneous s t i f f n e s s  

m a t r i x .  

When b o t h  types o f  c o u p l i n g  a r e  taken i n t o  c o n s i d e r a t i o n ,  

t h e  a n a l y s i s  r e s u l t s ,  i n  b o t h  t h e  f o r c e  and d isp lacement  

methods, w i t h  n o n l i n e a r  equat ions  wh ich  can o n l y  be so l ved  

by i t e r a t i o n .  The i t e r a t i o n  process i s  d iscussed and presented  

i n  d e t a i l .  The s t ra in -d i sp lacemen t  c o u p l i n g ,  b e i n g  a second 

o rde r  e f f e c t  compared w i t h  t h e  fo rce-d isp lacement  coup1 ing ,  

can be neg lec ted  when t h e  d isp lacements a r e  n o t  t o o  l a r g e .  

I n  such a case, t h e  equat ions can be so l ved  d i r e c t l y  f o r  t h e  

d isp lacements.  I n  f a c t ,  they  r e s u l t  w i t h  an e igenva lue  

equa t ion  which i s  the l i r rea r i zec !  Instability c r i t e r i o n  o f  t h e  

s tandard  b u c k l i n g  problem a s s o c i a t e d  w i t h  smal l  d isp lacements.  

ULTIMATE STRENGTH AND STRESS F I  ELD OF PLATES AND SHELLS 

UNDER LATERAL PRESSURE AND EDGE COMPRESSION 

T .  H .  L i n  
J .  E .  Tay lo r  

Account No. 448633 

C i r c u l a r  p l a t e s  under combined l a t e r a l  loads and edge 

compressions w i t h  non l i nea r  s t r a i n  hardening c reep have been 

t i o n s  by t r e a t i n g  t h e  i n e l a s -  

The same t e c  hn i que. works 

ana 

t i c  

yzed fo r  d i f f e r e n t  edge cond 

s t r a i n  as e q u i v a l e n t  f o r c e s .  
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e q u a l l y  w e l l  f o r  c i r c u l a r  p l a t e s  loaded i n t o  p l a s t i c  range. 

Numerical r e s u l t s  show c l e a r l y  how t h e  p l a t e s  behave under 

l oad ing .  I t  i s  b e l i e v e d  t h a t  by u s i n g  t h i s  approach, r a t h e r  

than t h e  present l i m i t  a n a l y s i s  or  i n t e r a c t i o n  cu rve  method, 

a more r e a l i s t i c  optimum design can be made. 

A s imp ly  suppor ted c i r c u l a r  p l a t e  loaded i n t o  p l a s t i c  

range under b o t h  l a t e r a l  loads and edge compressions i s  

analyzed.  The numer ica l  r e s u l t  shows t h e  p ropaga t ion  o f  

t h e  p l a s t i c  r e g i o n  as w e l l  as t h e  s t r e s s  and s t r a i n  f i e l d s .  

The same method can o b v i o u s l y  be extended t o  p l a t e s  

w i t h  f i n i t e  de fo rma t ion .  Fo rmu la t i on  i s  under way by 

a p p l y i n g  the  v a r i a t i o n a l  p r i n c i p a l .  

FUEL CELL AND CORROSION RESEARCH 

K .  Nobe Account No. 448631 

The most r e c e n t  exper iments have shown t h a t  t he  d i f f e r e n -  

t i a l  capac i tance  shows a l i n e a r  t ime dependence a f t e r  about 

f i f t e e n  hours.  Pulses from between 5 t o  20 t imes t h e  magni- 

tude o f  t h e  c o r r o s i o n  c u r r e n t  show t h a t  t h i s  e f f e c t  i s  r e a l  

and n o t  mere ly  an e r r o r  i n  t h e  exper imenta l  technique,  i . e .  

u s i n g  too smal l  a va lue  o f  pu l se  c u r r e n t .  

Comparison o f  t h e  p o l a r i z a t i o n  caused by a cons tan t  

c u r r e n t  decreases w i t h  i n c r e a s i n g  v a l u e  o f  t h e  capac i tance.  

The data a v a i l a b l e  a t  t h i s  t ime suggests a l i n e a r  dependence, 
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bu t ,  when the  p resen t  se r ies  o f  exper iments i s  completed, a 

cu rve  f i t  w i  1 1  be performed. 

Anodic p o l a r  i z a t  i o n  in t roduces  ' I  i r r e v e r s  i b l  e capac i tance, 

i . e .  t h e  inc rease i n  capac i tance d u r i n g  p o l a r i z a t i o n  does n o t  

c o m p l e t e l y  d i e  away. The e f f e c t  i s  t o  s h i f t  t h e  capac i tance-  

t i m e  c u r v e  d i s c o n t i n u o u s l y  t o  a h ighe r  va lue .  Anomolous 

p o t e n t i a l - t i m e  behavior  has been observed a t  t h e  h ighe r  

2 c u r r e n t  d e n s i t i e s  ( ~ 2 m A / c m  > .  Th is  i s  i n  a d d i t i o n  t o  t h e  

"superpo la r  i ' za t  ion"  mentioned i n  p rev ious  r e p o r t s .  Thi s 

behav io r  w i  1 1  be i n v e s t i g a t e d  f u r t h e r .  

STUD I ES I N SPACECRAFT DYNAMl C S  

I n t r o d u c t i o n  

Among the  problems o f  s p a c e c r a f t  dynamics c u r r e n t l y  o f  

major  t h e o r e t i c a l  and p r a c t i c a l  i n t e r e s t  a r e  those r e l a t i n g  

t o  t h e  n o n r i g i d  behav io r  o f  t h e  v e h i c l e  and i t s  i n t e r n a l  

c o n s t i t u e n t s .  There a r e  many u n s e t t l e d  ques t i ons  i n  t h i s  

f i e l d ,  t h e  answers t o  which w i l l  become i n c r e a s i n g l y  impor- 

t a n t  as spacec ra f t s  increase i n  s i z e  and f u n c t i o n a l  s o p h i s t i -  

c a t i o n .  

A s tudy  w i l l  be undertaken on c e r t a i n  aspects  o f  spacec ra f t  

dynamics i n v o l v i n g  i t s  n o n r i g i d  c h a r a c t e r i s t i c s .  The p e r i o d  

for  t h e  s tudy  w i l l  be 1 June - 20 September, 1964. A c t u a l l y ,  

t w o  d i s t i n c t  s tudy  e f f o r t s  a r e  inc luded,  r e p r e s e n t i n g  two 
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approaches t o  t h i s  c l a s s  o f  problems t h a t  m igh t  bes t  be 

desc r ibed  as "genera l "  and "spec i  f i c  . I1  Together they  p r o -  

v i d e  an i n t e g r a t e d  research endeavor wh ich  shou ld  r e s u l t  i n  

s i g n i f  

A 

subs id  

c a n t  advances i n  the f i e l d .  

though more complete t e c h n i c a l  p roposa ls  f o r  t h e  two 

a r y  s t u d i e s  a r e  g iven below, i t  i s  a p p r o p r i a t e  t o  p u t  

them i n t o  p e r s p e c t i v e  w i t h  one ano the r .  One, known as 

Study A ,  concerns general  f o r m u l a t i o n s  o f  r o t a t i o n a l  dynami- 

c a l  d e s c r i p t i o n s  f o r  systems o f  p a r t l y  r i g i d  bodies wh ich  

can be a p p l i e d  by a p p r o p r i a t e  s p e c i a l i z a t i o n  t o  any space- 

c r a f t .  The o t h e r ,  Study B, concerns a more s p e c i f i c  s p a c e c r a f t  

t ype  fo r  wh ich  a s u i t a b l e  dynarnical d e s c r i p t i o n  can be developed 

d i r e c t l y  and fo r  which somewhat broader c o n s i d e r a t i o n s  a r e  add- 

ed, s p e c i f i c a l l y  those o f  e x t e r n a l  t o rques .  These s t u d i e s  can 

be conducted r e l a t i v e l y  independent ly ,  b u t  do have some c r o s s -  

c o n t r i b u t i o n s .  For example, Study A w i i i  s u b s t a n t l a t e  p o r t i m s  

of t h e  dynamical development done i n  s p e c i f i c  terms f o r  Study 

B .  Conversely,  t h e  l a t t e r ,  as a more extended development 

w i t h i n  a more r e s t r i c t e d  c l a s s  o f  systems, shou ld  p r o v i d e  

some p r a c t i c a l  gu ides for  t h e  genera l  development ( p a r t i c u l a r l y  

as  regards s u i t a b l e  approx imat ions)  i n  Study A .  

I m p l i c a t i o n s  o f  t h e  Studv 

The r e s u l t s  of t h e  study w i l l  have d i r e c t  a p p l i c a t i o n  

t o  a l l  f u t u r e  space v e h i c l e  dynamic a n a l y s i s ,  p a r t i c u l a r l y  

for t h e  more s o p h i s t i c a t e d  v e h i c l e s  c o n t a i n i n g  a crew and a 
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t o rque  d is tu rbances ,  c o n t r o l  system des ign  for 

systems, s t r u c t u r a l  des ign problems r e l a t e d  t o  

and f l u i d  mot ion,  e f f e c t s  undes i rab le  f r o m  a b 

v iewpo in t  which may a r i s e  f r o m  n o n - r i g i d  behav 

1 i k e .  

The proposed s tudy  a c t u a l l y  i s  e n v i s i o n e d  

v a r i e t y  o f  n o n - r i g i d  s u b s i d i a r y  p a r t s .  A p p l i c a t i o n s  w i l l  

i n c l u d e  such top t ics  as s t a b i l i t y  i n  t h e  presence o f  expected 

non-r  i g i d  

e 1 as t i c waves 

o l  og i c a l  

or, and t h e  

as a f i r s t  

s t e p  i n  a c o n t i n u i n g  program o f  b a s i c  i n v e s t i g a t i o n s  o f  space 

v e h i c l e  a t t i t u d e  dynamics. U l t i m a t e l y  i t  w i l l  be d e s i r a b l e  

t o  a p p l y  t h e  d e s c r i p t i o n s  developed h e r e i n  t o  a broader 

c l a s s  o f  cases o f  p r a c t i c a l  i n t e r e s t  and t o  under take more 

e x t e n s i v e  s t u d i e s  on response t o  d i s tu rbances ,  s t a b i l i t y ,  

dynamical i m p l i c a t i o n s  t o  v e h i c l e  des ign,  and dynamical 

c o n s i d e r a t i o n s  r e l a t e d  t o  c o n t r o l  method or c o n t r o l  parameter 

c h s ~ g e s .  A c o r r e c t  and convenient  dynamical f o r m u l a t i o n  f o r  

t h e  r o t a t i o n a l  behav io r  o f  a space v e h i c l e  o f  v e r y  general  

t ype  u n d e r l i e s  a l l  such contemplated advances. I t  i s  

expected t h a t  longer  range and perhaps more e x t e n s i v e  suppor t  

f o r  f u t u r e  i n v e s t i g a t i o n s  a l o n g  these l i n e s  w i l l  be sought 

f r o m  NASA o r  t h e  A i r  Force a f t e r  we a r e  i n  a p o s i t i o n  t o  

demonstrate t h a t  we have a sound founda t ion  fo r  t h e  necessary 

dynamical equat ions  and a f o r m u l a t i o n  for  t h e  l a t t e r  which i s  

conven ien t  i n  p r a c t i c a l  a p p l i c a t i o n .  

I n  connec t ion  w i t h  b o t h  t h e  proposed s tudy  and p o s s i b l e  

fo l l ow-on  s t u d i e s  for  which suppor t  w i l l  be sought elsewhere, 
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t h e  educa t iona l  i m p l i c a t i o n s  shou ld  n o t  be min imized.  The 

s tudy  w i l l  i n v o l v e  o n l y  two graduate s tuden ts  d i r e c t l y  

because o f  i t s  r e l a t i v e l y  smal l  sca le ,  b u t  i t  i s  f e l t  t h a t  

t h e  r e s u l t s  we expect from t h i s  s tudy  w i l l  have s u f f i c i e n t  

n o v e l t y  and p r a c t i c a l  i n t e r e s t  t h a t  they  w i l l  p r o v i d e  con- 

s i d e r a b l e  m a t e r i a l  for  f u t u r e  meaty theses.  I f  supplementary 

suppor t  i s  ob ta ined  a f t e r  t h e  comple t ion  o f  t h e  proposed 

study,  b o t h  t h e  d i r e c t  involvement o f  graduate s tuden ts  and 

t h e  genera t i on  o f  s u i t a b l e  t h e s i s  m a t e r i a l  shou ld  inc rease 

s i  gn i f i c a n t  1 y . 

TECHNICAL PROPOSAL, STUDY A 

R .  E .  Roberson Account No. 448639 

A s a t e l l i t e  or space v e h i c l e  g e n e r a l l y  c o n s i s t s  o f  a 

comp l i ca ted  assemblage o f  i n te rconnec ted  p a r t s ,  some o f  which 

a r e  r i g i d  and some o f  which have f l u i d  or  e l a s t i c  p r o p e r t i e s .  

The v a r i e t y  and comp lex i t y  o f  i n t e r n a i  p a r t s  which cafi imve 

r e l a t i v e  t o  t h e  v e h i c l e  become e s p e c i a l l y  g r e a t  f o r  more 

advanced space v e h i c l e s ,  such as the  manned o r b i t i n g  l abo ra -  

t o r i e s  and s i m i l a r  v e h i c l e s  now under c o n s i d e r a t i o n .  

The dynamical d e s c r i p t i o n s  o f  systems o f  m a t e r i a l  bodies 

i n  space take  a somewhat d i f f e r e n t  form than t h e  dynamical 

d e s c r i p t i o n s  o f  systems o f  bod ies  on t h e  e a r t h .  When an 

i n t e r n a l  body i s  moved r e l a t i v e  t o  a space v e h i c l e ,  t h e  

i n e r t i a l  r e a c t i o n s  o f t e n  a r e  impor tan t  i n  cases where they 

would be comp le te l y  n e g l i g i b l e  - -  a t  l e a s t  i n  t h e i r  
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eng ineer ing  a f f e c t s  - -  i f  t h e  system were on t h e  e a r t h  and 

these r e a c t i o n s  were masked by t h e  presence o f  a system 

we igh t .  The r e s u l t  i s  t h a t  many terms i n  t h e  dynamical 

equat ions  wh ich  no rma l l y  can be d i sca rded  a t  once i n  

t e r r e s t r i a l  eng inee r ing  p r a c t i c e  must now be kep t  as an 

e s s e n t i a l  p a r t  o f  t he  d e s c r i p t i o n  o f  the  dynamical behav io r  

o f  t h e  space v e h i c l e .  

The dynamical d e s c r i p t i o n  for  t h e  r o t a t i o n  o f  space 

v e h i c l e s ,  i n  t h e  form o f  E u l e r - l i k e  s c a l a r  equat ions  (gener-  

a l i z e d  t o  account fo r  t h e  presence o f  s u b s i d i a r y  moving 

p a r t s )  has been developed a t  some l e n g t h  fo r  t h e  case o f  

systems o f  r i g i d  bod ies .  U n f o r t u n a t e l y ,  s i m i l a r  p rogress  

has n o t  been made on t h e  dynamical d e s c r i p t i o n  o f  systems 

which c o n t a i n  f l u i d  i n c l u s i o n s  and e l a s t i c  members. A 

s u b s t a n t i a l  body o f  l i t e r a t u r e  on t h e  problem o f  r o t a t i n g  

riuid masses exist;, ~f C O L I T S ~ ,  i n  cnnnect inn w i t h  t h e  c l a s s i -  

c a l  problem o f  t h e  f i g u r e  of  t h e  e a r t h .  Th is  l i t e r a t u r e  i s  

bes t  summarized by Jardetsky (Theor ies  o f  F igures  o f  Celes-  

t i a l  Bodies,  I n te rsc ience ,  N .  Y . ,  1958). But a l t h o u g h  

t h e r e  i s  some c a r r y o v e r  from t h e  dynamical f o r m u l a t i o n s  

used t o  ana lyze  t h a t  problem, i t  does n o t  c o n t r i b u t e  as 

h e a v i l y  as one m igh t  hope t o  t h e  problem o f  n o n r i g i d  

s p a c e c r a f t .  I t  does not i n c l u d e  e l a s t i c  c o n s i d e r a t i o n s ,  nor  

does i t  h i n t  a t  a proper  e x t e n s i o n  t o  systems o f  bod ies  

r a t h e r  t.han a s i n g l e  body. I n  a lmost  a l l  o t h e r  e x i s t i n g  

e1 
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l i t e r a t u r e  09 n o n r i g i d  bodies i n  r o t a t i o n ,  t h e  assumption 

i s  made t h a t  t h e  body a c t s  as a pu re  e x t e r n a l  d r i v i n g  

f o r c e  ( i . e .  a mo t ion  o f  the base) on t h e  e l a s t i c  o r  f l u i d  

members, n e g l e c t i n g  t h e  r e a c t i o n  o f  t h e  m o t i o n  o f  these 

members back on t h e  mot ion o f  t h e  s u p p o r t i n g  v e h i c l e  

i t s e l f .  Th is  l a t t e r  assumption i s  n o t  a t  a l l  c o r r e c t  f o r  

space v e h i c l e s .  

A f i r s t  p o r t i o n  o f  the t o t a l  s tudy  i s  hereby proposed 

t o  develop a proper and u s e f u l  d e s c r i p t i o n  f o r  t h e  r o t a t i o n a l  

dynamics o f  systems o f  p a r t l y  r i g i d  bodies,  w i t h  s p e c i f i c  

r e f e r e n c e  t o  t h e  bodies o f  t h i s  t ype  encountered i n  a s t r o -  

n a u t i c a l  a p p l i c a t i o n s .  

S p e c i f i c a l l y ,  i t  i s  proposed i n  "Study A" to :  

1 .  D e f i n e  c a r e f u l l y  t h e  types o f  n o n r i g i d  p a r t s  t o  be 

i n c l u d e d  i n  t h e  dynamic model; 

2 .  Extend and g e n e r a l i z e  unpubl ished work by D r .  

Roberson by a d j o i n i n g  t o  the  o r d i n a r y  d i f f e r e n t i a l  

equat ions which d e s c r i b e  t h e  r o t a t i o n a l  mo t ion  o f  

t h e  r i g i d  p a r t s  o f  t h e  system, a s e t  o f  p a r t i a l  

d i f f e r e n t i a l  equat ions f o r  t he  m o t i o n  o f  t h e  

c o n t  i nuum; 

3 .  R e l a t e  t h e  boundary c o n d i t i o n s  o f  t h e  p a r t i a l  

d i f f e r e n t i a l  equat ions t o  t h e  mo t ion  o f  t h e  r i g i d  

p a r t s  o f  t he  system, and i n  p a r t i c u l a r  t o  t h e  mo t ion  

o f  t h e  main v e h i c l e  s t r u c t u r e ;  
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4. Develop s p e c i a l i z e d  forms o f  t h e  r e s u l t i n g  s e t  o f  

equat ions,  e .g .  l i n e a r i z e d  forms t h a t  a p p l y  t o  

cases o f  p r a c t i c a l  a s t r o n a u t i c a l  i n t e r e s t ,  and t o  

s o l v e  c e r t a i n  o f  t h e  s p e c i a l i z e d  cases and/or 

deduce c e r t a i n  p r o p e r t i e s  t h e r e o f ,  such as 

s t a b i l i t y .  (Only a few i l l u s t r a t i v e  cases would 

be c a r r i e d  t h i s  f a r  d u r i n g  t h e  proposed study,  

m a i n l y  as a t e s t  o f  t h e  use fu lness  o f  t h e  formu- 

l a t i o n  wh ich  i s  developed for  t h e  dynamical 

d e s c r i p t i o n ) ;  

5 .  To conduct  a r a t h e r  e x t e n s i v e  and q u i t e  m e t i c u l o u s  

survey o f  the  c l a s s i c a l  l i t e r a t u r e  o f  dynamics, 

w i t h  s p e c i a l  a t t e n t i o n  t o  works which a r e  n o t  

r e a d i l y  a v a i l a b l e  ( e . 9 .  E u l e r ' s  complete works)  

f o r  obv ious  s c h o l a r l y  reasons. 

TECHN I CAL PROPOSAL, STUDY B 

W .  T .  Thomson Account No. 448640 

Fu tu re  s a t e l l i t e s ,  which w i l l  be assembled or e r e c t e d  

a f t e r  reach ing  o r b i t ,  w i l l  be designed t o  w i t h s t a n d  t h e  o r b i t  

environment i n  t h e  deployed c o n f i g u r a t i o n  which d i f f e r s  f rom 

t h e  undeployed c o n f i g u r a t i o n  d u r i n g  launch.  S t r u c t u r a l  s t i f f -  

ness and s t r e n g t h  nked o n l y  be s u f f i c i e n t  t o  w i t h s t a n d  t h e  

very  smal l  loads o c c u r r i n g  i n  o r b i t .  Loads due t o  s a t e l l i t e  

r o t a t i o n ,  t o  s o l a r  r a d i a t i o n  pressure  and t o  nonuni form 
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g r a v i t a t i o n  w i l l  be s i g n i f i c a n t .  

Nonuni form g r a v i t a t i o n  r e s u l t s  f rom t h e  inverse-square  

n a t u r e  o f  t h e  e a r t h ' s  f i e l d .  The p a r t  o f  t h e  s a t e l l i t e  

c l o s e s t  t o  t h e  e a r t h  i s  a t t r a c t e d  t o  i t  most s t r o n g l y ,  

p roduc ing  moments on t h e  s a t e l l i t e s  and f o r c e s  w i t h i n  i t .  

Th is  p r i n c i p l e  i s  used t o  make a l ong  t h i n  s a t e l l i t e  p o i n t  

v e r t i c a l l y  i n  o r b i t .  Because l a r g e  moments o f  i n e r t i a  

a r e  r e q u i r e d ,  s a t e l l i t e  dimensions a r e  l a r g e .  S a t e l l i t e s  

o f  6 0 - f o o t - l e n g t h  ( i . e .  TRAAC) have been s u c c e s s f u l l y  

s t a b i l i z e d  whereas a 1000- foot  s a t e l l i t e  i s  p r e s e n t l y  under 

des ign  by Goddard Space F l i g h t  Center .  

Requi red s t r e n g t h  and s t i f f n e s s  o f  any s a t e l l i t e  a r e  

determined by t h e  f o l l o w i n g  c r i t e r i a :  

1 .  The s t r u c t u r a l  n a t u r a l  f requenc ies  must n o t  be 

e x c i t e d  dangerously by the  r i g i d - b o d y  mot ions .  

2 .  S t r e n g t n  must be s u f f i c i e n t  50 t h a t  t h e  r i g i d =  . .  

body mot ions do no t  produce excess ive  loads .  

3 .  Thermoe las t ic  de format ion  due t o  s o l a r  h e a t i n g  

must not  produce excess ive  changes i n  t h e  r i g i d -  

body a t t i t u d e .  

4 .  E l a s t i c  de format ion  under s o l a r  pressure,  t h e  

e a r t h ' s  magnet ic  f i e l d  and o t h e r  e x t e r n a l  torques 

must n o t  be excess ive.  

The problems descr ibed w i l l  be most s i g n i f i c a n t  i n  l a r g e  

unmanned s a t e l l i t e s ,  p a r t i c u l a r l y  weather and communications 
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sate1 1 i tes ,  which a r e  1 i k e l y  t o  be g r a v i  t y - s t a b i  1 i zed .  

Most work on the  s t r u c t u r a l  dynamics o f  v e r y  f l e x i b l e  

s a t e l l i t e s  has represented  t h e  s a t e l l i t e  as t w o  r i g i d  bodies 

connected by a s o f t  s p r i n g .  General s t r u c t u r a l  de format ion  

has n o t  been cons idered.  

I t  i s  proposed t o  examine t h e  s t r u c t u r a l  dynamics o f  

v e r y  f l e x i b l e  s a t e l l i t e s  i n  nonuni form g r a v i t a t i o n a l  f i e l d s .  

The f o l l o w i n g  a r e  a n a l y t i c a l  problems p e r t i n e n t  t o  s a t e l l i t e  

des ign .  A s  many o f  these as t ime  a l l o w s  w i l l  be fo rmu la ted  

and t h e i r  s o l u t i o n s  at tempted:  

1 .  A long, f l e x i b l e  s a t e l l i t e  ( i d e a l i z e d  as a nonuni -  

f o r m  beam) w i l l  be analyzed t o  determine s t r e n g t h  and s t i f f n e s s  

r e q u i r e d  t o  w i t h s t a n d  r i g i d - b o d y  mot ions i n  o r b i t .  

2 .  A g r a v i t y - s t a b i l i z e d  s a t e l l i t e  i n c o r p o r a t i n g  t h e r m a l l y  

s e n s i t i v e  i n e r t i a  booms w i l l  be examined t o  determine t h e  

p o i n t i n g  e r r o r s  due t o  thermal de format ions .  

3 .  The s t i f f e n i n g  e f f e c t s  o f  nonuni form g r a v i t a t i o n  on 

a s t r u c t u r e  w i l l  be examined and r e l a t e d  t o  an inc rease i n  

l oad  c a p a b i l i t y  for some i d e a l i z e d  s a t e l l i t e  c o n f i g u r a t i o n s .  

4 .  A s  a system for damping g r a v i t y  g r a d i e n t  o s c i l l a t i o n s ,  

i t  has been proposed t o  deploy a l ong  f l e x i b l e  s t r i n g  w i t h  

i n t e r n a l  damping f r o m  a s a t e l l i t e .  The s t a b i l i t y  o f  such a 

d e v i c e  w i l l  be eva lua ted  and i f  p o s s i b l e ,  an e s t i m a t e  w i l l  

be made o f  t h e  damping produced. 
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5 .  Most o f  t h e  above work p e r t a i n s  t o  s a t e l l i t e s  which 

a r e  g r a v i t y - s t a b i l i z e d .  I t  i s  a l s o  proposed t o  examine t h e  

problem o f  g r a v i t y  moments on a s p i n - s t a b i l i z e d  s a t e l l i t e .  

Us ing  t h e  framework of  the  p rev ious  problems, an a t tempt  

w i l l  be made t o  e v a l u a t e  the e f f e c t  o f  nonuni form g r a v i t y  

on a s l o w l y  s p i n n i n g  f l e x i b l e  s a t e l l i t e ,  i d e a l i z e d  as t w o  

r i g i d  bodies connected by a s p r i n g ,  or  as a f l e x i b l e  mem- 

brane.  An e x t e n s i o n  o f  p rev ious  work i n  t h i s  a rea  w i l l  be 

a t tempted.  

6. I t  i s  p o s s i b l e  t h a t  t h e  problem o f  s t r u c t u r a l  

dynamics i n  nonuni form g r a v i t a t i o n a l  f i e l d s  can be p u t  i n  

a genera l  m a t r i x  form w i t h  new m a t r i c e s  r e p r e s e n t i n g  t h e  

g r a v i t y  f o r c e s .  An a t tempt  w i  1 1  be made t o  f o r m u l a t e  t h i s  

p r ob 1 em. 

EFFECTS OF PRESSURE ON MAGNETIC INTERACTION 

L .  B .  Robinson Account No. 448635 

M r .  Swie- in-Tan has completed exper iments measur ing t h e  

e f f e c t  o f  p ressu re  on t h e  C u r i e  temperature o f  terb ium, and 

t h e  e f f e c t  o f  p ressure  on b o t h  t h e  Nekl p o i n t  and t h e  C u r i e  

temperature o f  dysprosium. R e s u l t s  w i l l  be submi t ted  t o  

t h e  Phys i ca l  Review or an e q u i v a l e n t  j o u r n a l .  
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FLUID MECHANICAL PROBLEMS OF LOW DENSITY GAS FLOWS 

N .  R o t t  
C .  Y .  L i u  

Account No. 448632 

The research  on low d e n s i t y  gas f l o w  phenomena i s  con- 

duc ted  a t  b o t h  t h e  continuum end and a t  t h e  f r e e  molecu la r  

end o f  t h e  f l o w  spectrum. 

I n v e s t i g a t i o n s  a t  t h e  cont inuum end i n v o l v e  research  i n  

second o rde r  boundary layer  theo ry .  A t h e s i s  has been com- 

p l e t e d  by Leroy Devan i n  which second o r d e r  e f f e c t s  a r e  

c a l c u l a t e d  based on a n u m e r i c a l l y  g i ven  f i r s t  o rde r  s o l u t i o n .  

( M r .  Devan's Ph.D.  examinat ion was g i ven  on May 12 . )  D r .  

M. Oberai ,  who r e c e n t l y  j o i n e d  t h i s  research  group, worked 

on t h e  a p p l i c a t i o n  o f  momentum i n t e g r a l  methods t o  second 

o r d e r  boundary l a y e r  theory .  

A t  t h e  f r e e  molecu la r  end, research  was d i r e c t e d  

t h e  shock s t r u c t u r e  problem i n  gas m i x t u r e s .  D r .  L i u  

work ing  on a r e p o r t  on the v a l i d i t y  o f  F i c k ' s  Law o f  D 

s i o n .  D r .  Oberai i n v e s t i g a t e s  t h e  a p p l i c a b i l i t y  o f  t h e  

S m i t h  t heo ry  t o  gas m i x t u r e s .  

owa r d 

S 

f f u -  

M o t t -  

MASS TRANSFER COEFFICIENT 

A .  R .  Wazzan Account No. 448637 

A paper e n t i t l e d  "Skin F r i c t i o n  Measurement i n  F l a t  P l a t e  

Compressible F l o w  Us ing  Mass Trans fer  Technique" has been 
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prepared on the  r e s u l t s  o f  t h i s  research .  The a b s t r a c t  

f o l l o w s :  

A b s t r a c t  

A mass t r a n s f e r  method developed by Smi th f o r  measurement 

o f  l o c a l  w a l l  shear s t r e s s  i n  incompress ib le  f l o w  i s  extended 

t o  compress ib le  f l ow .  The model s u r f a c e  i s  coa ted  w i t h  a 

t h i n  l i q u i d  f i l m  and t h e  evapora t ion  r a t e  i s  determined f r o m  

t h e  r a t e  o f  change o f  f i l m  t h i c k n e s s  u s i n g  l i g h t  i n t e r f e r e n c e  

f r i n g e s .  The method i s  a p p l i e d  t o  w a l l  shear s t r e s s  measure- 

ments i n  f l a t  p l a t e  f l o w .  Measurements o f  d i s t r i b u t i o n  o f  

l o c a l  shear s t r e s s  over the p l a t e  r e l a t i v e  t o  t h e  va lue  a t  

t h e  l e a d i n g  edge i n  laminar f l o w  a t  Mach numbers 2 . 7 2  and 

1.58 a r e  g i ven .  I t  i s  found t h a t  t h e  l o c a l  shear s t r e s s  

C f  i n  laminar  compress ib le  f l o w  over  f l a t  p l a t e  w i t h  mass 

t r a n s f e r  i s  lower than t h e  co r respond ing  va lue  i n  t h e  

absence o f  mass t r a n s f e r .  C f  i s  found t o  va ry  i n v e r s e l y  

w i t h  X 3 1 2  . 

NEW RESEARCH STAFF - ENGINEERING 

NASA 2 3 7 - 6 2  funds were made a v a i l a b l e  t o  t h e  Department 

o f  Eng ineer ing  t o  p r o v i d e  p a r t i a l  suppor t  t o  f i v e  temporary 

research  appointments i n  space- re la ted  areas .  A l though  some 

o f  t h e  appointments have teach ing  t i t l e s ,  o n l y  t h e i r  research  

a c t i v i t i e s  a r e  suppor ted f r o m  NASA funds. 
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C .  He ls t rom - Dur ing  bo th  t h e  F a l l  and S p r i n g  semesters 

D r .  He ls t rom taught  Eng ineer ing  186a, " I n t r o d u c t i o n  t o  t h e  

Theory of  De tec t i on " ,  and shared r e s p o n s i b i l i t y  w i t h  Pro- 

fesso r  Ba lak r i shnan  fo r  the  Communication Theory Seminar, 

Eng ineer ing  298. I n  t h e  F a l l  semester he presented a t  t h i s  

seminar a s e r i e s  o f  l e c t u r e s  on t h e  t h e o r y  o f  con t inuous  

Markov processes, on  t h e  f i r s t - p a s s a g e - t i m e  problem and 

r e l a t e d  problems for  s t o c h a s t i c  processes, and on t h e  

s e q u e n t i a l  d e t e c t i o n  o f  s i g n a l s .  These l e c t u r e s  l a s t e d  

for  about  t e n  weeks; d u r i n g  t h e  r e s t  o f  t h e  term t h e  seminar 

heard r e p o r t s  by graduate s tuden ts  i n  communication t h e o r y .  

The S p r i n g  semester o f  t h e  seminar was taken up w i t h  l e c -  

t u r e s  and r e p o r t s  by s tudents  and f a c u l t y  o f  t h e  I n f o r m a t i o n  

Systems D i v i s i o n .  D u r i n g  t h r e e  o f  t h e  meet ings,  D r .  He ls t rom 

t a l k e d  about  t h e  d e t e c t i o n  o f  o p t i c a l  s i g n a l s  and about  some 

o f  t h e  s t a t i s t i c a l  p r o p e r t i e s  o f  n a t u r a l  l i g h t .  I n  May he 

gave s i x  l e c t u r e s  on Markov processes t o  t h e  s tuden ts  i n  

Engi neer i ng 286c, "Mean-Square Opt i m i  za t i on Methods" . 

Throughout the  year he has c o n t i n u e d  h i s  research  on t h e  

s t a t i s t i c a l  p r o p e r t i e s  o f  r a d i a t i o n  and on t h e  d e t e c t i o n  o f  

r a d i a t i v e  s i g n a l s .  A paper e n t i t l e d  "The D e t e c t i o n  and 

R e s o l u t i o n  o f  O p t i c a l  S igna ls "  was w r i t t e n  and has been 

accepted for  p u b l i c a t i o n  i n  t h e  I . E . E . E .  T ransac t ions  on 

I n f o r m a t i o n  Theory. T h i s  work a p p l i e s  t h e  methods o f  t h e  

s t a t i s t i c a l  t h e o r y  o f  s i g n a l  d e t e c t i o n  t o  f i n d i n g  t h e  o p t i -  

mum systems fo r  d e t e c t i n g  r a d i a t i v e  s i g n a l s  and t o  s t u d y i n g  
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t h e  l i m i t a t i o n s  on such d e t e c t i o n  imposed by t h e  quanta l  

n a t u r e  o f  l i g h t  and t h e  s t o c h a s t i c  p r o p e r t i e s  o f  the  ambient 

r a d i a t i o n  f i e l d .  

Dur ing  t h e  Spr ing,  D r .  He ls t rom has been w r i t i n g  t w o  

chap te rs  o f  a book on communication theo ry  t o  be e d i t e d  by 

Pro fessor  Ba lak r i shnan .  One chapter  dea ls  w i t h  Markov 

processes, t h e  o t h e r  w i t h  sequen t ia l  d e t e c t i o n .  He has 

taken advantage o f  UCLA's e x c e l l e n t  l i b r a r y  t o  b e g i n  a s tudy 

o f  t h e  foundat ions  o f  p r o b a b i l i t y  and s t a t i s t i c s  by read ing  

a number o f  works on t h a t  s u b j e c t .  

On February 6, 1964, D r .  He ls t rom spoke t o  t h e  Los 

Angeles s e c t i o n  o f  t he  I.E.E.E. P r o f e s s i o n a l  Group on 

I n f o r m a t i o n  Theory about  the  s c a t t e r i n g  and d e t e c t i o n  o f  

shortwave rada r  echoes, and on May 12 he t a l k e d  t o  an 

e l e c t r i c a l  e n g i n e e r i n g  seminar a t  Cal Tech on t h e  d e t e c t i o n  

o f  o p t i c a l  s i g n a l s .  Dur ing  t h e  year he has rev iewed f i v e  

papers fo r  t h e  I . E . E . E .  Transac t ions  on I n f o r m a t i o n  Theory. 

W .  Jos t  - Dur ing  the  p e r i o d  o f  February th rough A p r i l ,  

1964, Pro fessor  Wi lhe lm Jos t  o f  t h e  I n s t i t u t f i r  P h y s i k a l -  

i sche  Chemie der U n i v e r s i t a t  Got t ingen was w i t h  %he Department 

o f  Eng ineer ing .  Many members o f  t h e  f a c u l t y  and s t a f f  and 

graduate s tuden ts  were a ided i n  t h e  f i e l d s  o f  chemical  k i n -  

e t i c s ,  s o l i d  s t a t e  r e a c t i o n s ,  and chemical  thermodynamics on 

a c o n s u l t i n g  b a s i s  by D r .  Jos t ,  who i s  an  i n t e r n a t i o n a l l y  
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known a u t h o r i t y  i n  these f i e l d s .  He worked c l o s e l y  w i t h  

Pro fessors  Knapp and K u r t z  i n  h i g h  temperature c a l o r i m e t r y  

and measurement i n v o l v i n g  heats o f  m i x i n g  o f  me l t s ,  w i t h  

Pro fessor  P e r r i n e  i n  chemical k i n e t i c s ,  and w i t h  Pro fessor  

Sines i n  d i f f u s i o n  i n  m a t e r i a l s .  

D r .  Jos t  a l s o  presented a s e r i e s  o f  weekly seminars 

on d i f f u s i o n  i n  s o l i d s ,  r e a c t i o n  k i n e t i c s  and f a s t  gas 

r e a c t i o n s .  An o u t l i n e  o f  t o p i c s  d iscussed i n  t h e  seminars 

f o l l o w s :  

1 .  D i f f u s i o n  l ead ing  t o  e q u a l i z a t i o n  o f  c o n c e n t r a t i o n  

d i f f e r e n c e s .  

More p r e c i s e  f o r m u l a t i o n :  Val i d  for  s u f f i c i e n t l y  

i d e a l  i so thermal  systems c o n s i s t i n g  o f  a s i n g l e  

phase. Except ions e s p e c i a l l y  w i t h  mul t icomponent  

and mu l t i phase  systems. 

D i f f u s i o n  as random walk  process.  Formal t rea tmen t  

o f  d i f f u s i o n  processes. Examples o f  d i f f u s i o n  w i t h  

gases, l i q u i d s  and s o l i d s .  

2 .  Formal d e s c r i p t i o n  o f  d i f f u s i o n  processes and 

methods fo r  measuring d i f f u s i o n  r a t e s .  D i f f u s i o n  

exper iments w i t h  dD/dc # 0. D i f f u s i o n  i n  a n i s o -  

t r o p i c  systems ( e s p e c i a l l y  noncubic c y r s t a l s ) .  

Some genera l  r e s u l t s  f o r  systems w i t h  c o n c e n t r a t i o n -  

dependent d i f f u s i o n  c o e f f i c i e n t .  Exper imenta l  



methods and methods of  e v a l u a t i o n .  

Problem o f  boundary c o n d i t i o n  w i t h  condensed phases. 

D i f f u s i o n  and convec t i on .  

Flame as example. 

3 .  The d i s o r d e r e d  s o l i d .  D i f f u s i o n  and i o n i c  con- 

d u c t i o n  i n  s o l i d s .  Survey o f  exper iments.  D i f f u s i o n  

i n  mo lecu la r  s o l i d s ,  e.g., HZ, s o l i d  r a r e  gases. 

Permeat ion.  Sur face r e a c t i o n s  o f  me ta l s  w i t h  s u l f u r ,  

oxygen, halogens. Other r e a c t i o n s  between s o l  i d s .  

Types o f  d i so rde rs .  Thermodynamic t rea tment  o f  

d i s o r d e r s .  Exper imental  t e s t s .  Energies o f  d i s -  

o r d e r s .  

4.  D i f f u s i o n  and i o n i c  conduc t ion  i n  i o n i c  c r y s t a l s ,  

con t i nued .  E l e c t r i c a l  t r a n s p o r t  o f  ma t te r  i n  

m e t a l s .  D i f f u s i o n  i n  m e t a l s .  Pressure e f f e c t s  i n  

i o n i c  c r y s t a l s  and m e t a l s .  K i r k e n d a l l  e f f e c t  i n  

m e t a l s .  

o f  d i f f u s i o n .  

I t s  p ressure  dependence compared w i t h  t h a t  

5 .  D i f f u s i o n  i n  l i q u i d s ,  e s p e c i a l l y  i n  t e r n a r y  l i q u i d  

systems. 

6.  React ions  i n  a d i a b a t i c a l  l v  comDressed sas m i x t u r e s .  

Reac t ion  t imes between 1 and 100 m secs. A n a l y s i s  

by p ressure  record ing ,  spect roscopy,  photography, 

gas sampl ing and a n a l y s i s .  Method a p p l i e d  p r i m a r i l y  
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t o  hydrogen-a i r  m i x t u r e s .  

7. React ions i n  f lames. Methods o f  a n a l y s i s :  l o c a l  

temperature measurements by  independent methods; 

gas a n a l y s i s ;  a b s o r p t i o n  and emiss ion  spect roscopy;  

mass spec t romet ry .  Pressure dependence i n v e s t i -  

gated between c a .  1 / 1 5 O  t o  20 atmospheres. Hydrogen- 

oxygen, carbon monoxide-oxygen, hydrocarbons-oxygen; 

soot  f o rma t ion  and fo rma t ion  o f  po l yace ty lenes  i n  

a c e t y l e n e  oxygen f lames.  E f f e c t  o f  a d d i t i v e s .  

8. React ions  i n  de tona t ions .  Reac t ion  t imes between 0 . 2  

and lop  seconds. Sp inn ing  de tona t ions  o f  carbon-  

monoxide oxygen; hydrogen-oxygen; hydrocarbons-oxygen; 

hydroxylamine-dinitrogen monoxide. O p t i c a l  methods, 

S c h l i e r e n  method. 

9 ,  React ions  i n  shock waves. Reac t ion  t imes between 1 

and 25011, seconds. Decomposi t ion r e a c t i o n s  o f  smal l  

molecules,  N2H4;  NH3; N 2 0 ;  C 0 2 .  

10. Aspects o f  f lame t h e o r y .  Thermal t heo ry .  Theory o f  

s t r i c t l y  o v a l  f lames. S i m p l i f i e d  t rea tment  by 

Feldon Z e l d o v i t c h .  A p p l i c a t i o n  t o  seve ra l  t ypes  o f  

r e a c t i o n s .  

D .  Medved - A cons ide rab le  advance o f  t e c h n o l o g i c a l  

competence and c a p a b i l i t i e s  i n  t h e  S o l i d  S t a t e  E l e c t r o n i c s  

area was brought  about by a h i g h l y  e n t h u s i a s t i c  and hard-  
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work ing  group o f  sen io r  s tudents  i n  the  des ign a c t i v i t i e s  o f  

t he  Senior Design Group l04C,D. 

o f  an i n j u n c t i o n  luminescent semiconductor d iode communication 

system as a c e n t r a l  m o t i v a t i n g  fo rce ,  D r .  Medved's group was 

a b l e  t o  e s t a b l i s h  w i t h i n  the  framework o f  t he  s o l i d  s t a t e  

e l e c t r o n i c s  l a b o r a t o r y  the  competence t o  s t a r t  w i t h  the  raw 

semiconductor m a t e r i a l ,  such as s i l i c o n  o r  g a l l i u m  arsen ide ,  

and proceed through the e n t i r e  sequence o f  j u n c t i o n  f a b r i -  

c a t i o n  techniques, d i a g n o s t i c s  and d iode mount ing t o  a f i n i s h e d  

dev ice .  I n  p a r t i c u l a r ,  t he  group can now c a r r y  o u t  j u n c t i o n  

fo rma t ion  by means o f  d i f f u s i o n  i n  semiconductors such as 

germanium, s i l i c o n  and t h e  i n t e r m e t a l l i c  compounds. They 

a r e  a l s o  a b l e  t o  eva lua te  the  n a t u r e  and depth o f  t he  j u n c -  

t i o n s  formed by t h e  use o f  t h e  h o t  probe and ang le  s e c t i o n  

and s t a i n i n g  techniques,  The j u n c t i o n s  can be cleaved, 

po l i shed ,  mesas etched t o  produce diodes o f  s u f f i c i e n t l y  

smal l  s i z e  f o r  use i n  i n j e c t i o n  luminescence and as p o s s i b l e  

l a s e r  sources. This  c a p a b i l i t y  has been b u i l t  up w i t h  a 

minimum o f  expense ( l e s s  than $400) and a g r e a t  deal  o f  

ha rd  work on the  p a r t  o f  t he  s tuden ts .  I t  i s  D r .  Medvedls 

recommendation t h a t  an a c t i v i t y  o f  t h i s  n a t u r e  should be 

encouraged and cont inued i n  t h e  fo r thcoming F a l l  and Spr ing  

semesters. Con t inua t ion  o f  a program o f  t h i s  na tu re  f o r  

another  four  t o  e i g h t  months under a p p r o p r i a t e  guidance 

c o u l d  e a s i l y  r e s u l t  i n  p u b l i s h a b l e  advances i n  the  s t a t e  o f  

U t i  1 i z i n g  the  development 
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t h e  a r t  i n  b o t h  semiconductor e l e c t r o n i c s  and o p t i c a l  

communication systems. 

Research proposa ls  were submi t ted  t o  NSF and NASA on 

t h e  s tudy  o f  e l e c t r o n  emiss ion f rom s o l i d s .  A p r e l i m i n a r y  

i n q u i r y  from NSF has i n d i c a t e d  a d e f i n i t e  i n t e r e s t  on t h e i r  

p a r t .  I t  i s  a n t i c i p a t e d ,  however, t h a t  funds for  t h i s  

work w i l l  n o t  be fo r thcoming f r o m  these agencies u n t i l  

t h e  f a l l  o f  1964. I n  the meantime, seeding funds have 

been requested f r o m  the Space Science Center a t  UCLA. 

A .  PaDoul is has been appo in ted  V i s i t i n g  Pro fessor  and 

Research Engineer f o r  the  academic year 1964-65. He r e c e i v e d  

h i s  M . S .  i n  E l e c t r i c a l  Engineer ing,  and t h e  M.A .  and Ph.D. 

i n  Mathematics from the U n i v e r s i t y  o f  Pennsylvania a f t e r  

comp le t i ng  h i s  undergraduate work i n  eng inee r ing  a t  t h e  

P o l y t e c h n i c  I n s t i t u t e  o f  Athens, Greece, He i s  p r e s e n t l y  

a P ro fesso r  o f  E l e c t r i c a l  Eng ineer ing  a t  t h e  P o l y t e c h n i c  

I n s t i t u t e  o f  Brook lyn  where he i s  an o u t s t a n d i n g  f a c u l t y  

meq-be?s. He i s  h i g h l y  regarded f o r  h i s  broad i n t e l l e c t u a l  

s t a t u r e  and h i s  o u t s t a n d i n g  c o n t r i b u t i o n s  i n  c i r c u i t  t h e o r y .  

He has r e c e n t l y  pub l i shed  a book on "Four ie r  I n t e g r a l s ' '  

which rep resen ts  a major c o n t r i b u t i o n  t o  t h e  f i e l d .  He 

i s  recogn ized as an o u t s t a n d i n g  c o n t r i b u t o r  i n  t h e  area o f  

network syn thes i s  and l i n e a r  systems a n a l y s i s .  
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R .  Stampf 1 has been appo in ted  L e c t u r e r ,  and Research 

Engineer f o r  t h e  academic year 1964-65. He r e c e i v e d  t h e  

B . S . ,  M . S . ,  and Ph.D. degrees i n  E l e c t r i c a l  Eng ineer ing  

from t h e  I n s t i t u t e  o f  Technology i n  Vienna. S ince 1959 

he has been w i t h  t h e  NASA Goddard Space F l i g h t  Center,  

where he i s  p r e s e n t l y  Head, I n s t r u m e n t a t i o n  Branch. D r .  

Stampf l  has p a r t i c i p a t e d  i n  seve ra l  s h o r t  courses on 

Space Communications a t  UCLA.  I t  i s  a n t i c i p a t e d  t h a t  h i s  

appointment w i l l  have grea t  impact on t h e  research  programs 

i n  t h e  communications systems area  because o f  h i s  exper ience 

i n  the  development and des ign  o f  i n s t r u m e n t a t i o n .  
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PROBLEMS R E L A T I N G  TO PLANNING AND CONTROL I N  THE MANAGEMENT 

OF S C I E N T I F I C  RESEARCH AND DEVELOPMENT - NsG 237-62 SUDD. 2 

G. A .  S t e i n e r  

This  g r a n t  was made t o  suppor t  the  s tudy  and a n a l y s i s  

o f  problems r e l a t i n g  t o  p lann ing  and c o n t r o l  i n  the  manage- 

ment o f  scientific research and development. One o f  t he  

unique p r o v i s i o n s  o f  the g r a n t  i s  t h a t  a l l  s tudy  proposals  

must be approved by NASA, Whi le  the  g r a n t  was made J u l y  1 ,  

1963, i n d i v i d u a l  proposals  have been approved o n l y  r e c e n t l y .  

The n e t  r e s u l t  i s  t h a t  i n t e n s i v e  i n v e s t i g a t i o n  f o r  most 

o f  t h e  p r o j e c t s  f i r s t  began d u r i n g  the  summer o f  1964. 

F o l l o w i n g  a r e  the  major p r o j e c t s  now under way and the 

p r i n c i p a l  i n v e s t i g a t o r s ,  Pro fessor  George A ,  Ste ine r  

i s  o v e r - a l l  p r o j e c t  d i r e c t o r .  

Manaaerial  Methods t o  Reduce Time and Costs o f  Research i n  

t h e  StaGes o f  Development. Tes t  _and Pre-Produc t ion  

G, A ,  S t e i n e r  

There a r e  a number o f  d i f f e r e n t  p a r t s  t o  t h i s  p r o j e c t .  

A few d i r e c t o r s  o f  l a rge  p r o j e c t s  i n  the  Un i ted  Sta tes  and 

f o r e i g n  c o u n t r i e s  have been e x c e p t i o n a l l y  success fu l  i n  

reduc ing  t ime  and c o s t  t o  p r o t o t y p e  s u b s t a n t i a l l y  below 

t h a t  u s u a l l y  exper ienced. These d i r e c t o r s  have developed 

managerial  p r a c t i c e s  and p o l i c i e s ,  work ing  c o n d i t i o n s ,  

employment methods, and o r g a n i z a t i o n  somewhat d i f f e r e n t  

than g e n e r a l l y  pe rm i t ted  i n  and p r a c t i c e d  by pr ime con- 



t r a c t o r s .  Th is  s tudy  w i l l  examine severa l  o f  these p r o -  

j e c t s  t o  develop a managerial  model which may be used by 

procurement agencies t o  p e r m i t  t he  t ype  o f  p r a c t i c e s  wh ich  

can lead  t o  g r e a t  savings i n  t ime and c o s t  w h i l e  a s s u r i n g  

s u i t a b l e  c o n t r o l s  t o  get  r e q u i r e d  q u a l i t y .  

There a r e  a l s o  sub -pa r t s  o f  t h i s  p r o j e c t .  One 

concerns the  development o f  a manager ia l  model which w i l l  

s i m p l i f y  and improve s u b c o n t r a c t i n g  procedures.  Another 

r e l a t e s  t o  t h e  development o f  p r i n c i p l e s  t o  r e l a t e  t h e  

scope, depth, and a p p l i c a t i o n  o f  PERT/Cost t o  program 

needs. Several  o t h e r  subprograms a r e  under d i s c u s s i o n  

b u t  assignments have no t  been made. 

ImDrovinq t h e  P r o d u c t i v i t y  o f  Research S c i e n t i s t s  

C .  O 'Donnel l  

There i s  a need t o  f i n d  o u t  j u s t  how e n t e r p r i s e  

managers maximize t h e  p r o d u c t i v i t y  o f  research  s c i e n t i s t s .  

Some impor tan t  p a r t s  o f  t h i s  problem l i e  i n  t h e  border  

area o f  deve lop ing  t h e  m a n a g e r - s c i e n t i s t .  

The i n i t i a l  s e l e c t i o n  process r e q u i r e s  s t u d y .  Do 

t h e  c r i t e r i a  t h a t  have been developed for  t h e  s e l e c t i o n  

of  s c i e n t i f i c  personnel  meet t h e  needs o f  t h e  t e c h n i c a l  

o r g a n i z a t i o n ?  Some u s e f u l  c r i t e r i a  have been developed fo r  

t h e  s e l e c t i o n  of  managerial  personne l ;  t o  what e x t e n t ,  i f  a t  

a l l ,  a r e  these c r i t e r i a  a p p l i c a b l e  t o  t h e  s e l e c t i o n  o f  t h e  



s c i e n t i s t s  who i n c r e a s i n g l y  a r e  c a l l e d  upon t o  p a r t i c i p a t e  

i n  manager ia l  d e c i s i o n s  and a c t i v i t i e s ?  

T h i s  emergent r o l e  o f  t h e  sc ien t i s t -manager  w i l l  be 

exp lo red .  There a r e  numerous ins tances  o f  o u t s t a n d i n g  

s c i e n t i s t s  who have served, a p p a r e n t l y  w i t h  success, as 

managers and t o p  a d m i n i s t r a t o r s .  There a re '  p robab ly  l e s s  

w e l l  known instances o f  f a i l u r e  o f  s c i e n t i s t s  i n  t h e  mana- 

g e r i a l  r o l e .  S tud ies  and u s e f u l  case h i s t o r i e s  a r e  needed 

t o  h e l p  serve  as a bas is  f o r  the  improvement o f  t h e  manage- 

ment, and hence t h e  p r o d u c t i v i t y ,  o f  s c i e n t i f i c  personne l .  

I n  t h i s  connec t ion  t h e  ques t i ons  w i l l  be r a i s e d ,  and 

answers sought:  I s  t h e  management o f  s c i e n t i f i c  personnel  

a d i f f e r e n t  problem than t h e  management o f  o t h e r  types o f  

personne l?  How do t h e  aerospace companies meet t h i s  

problem? I s  t h e i r  approach d i f f e r e n t  f r o m  t h a t  o f  

companies i n  o t h e r  i n d u s t r i e s ?  

An element o f  t h e  impor tan t  r o l e  o f  t h e  s c i e n t i s t -  

manager i s  t h e  problem o f  i n t e g r a t i n g  t h e  o r g a n i z a t i o n a l  

e f f o r t s  o f  t h e  d i v e r s e  d i s c i p l i n e s  i n v o l v e d  i n  t h e  execu t ion  

o f  complex programs. I t  i s  f a i r l y  w e l l  recogn ized t h a t  t h i s  

problem i n v o l v e s  the  managerial  f u n c t i o n s  o f  p lann ing ,  organ-  

i z i n g ,  s t a f f i n g ,  and c o n t r o l l i n g .  Faced w i t h  the  s i t u a t i o n  

t h a t  demands t h a t  he be a " g e n e r a l i s t , "  what a r e  t h e  

d i f f i c u l t i e s  t h a t  t h e  s c i e n t i s t  encounters  as he makes 

t h i s  t r a n s i t i o n  t o  the manager ia l  r o l e ?  I f  t h i s  i s  i n  f a c t  



a problem, a f a i l u r e  o f  the  s c i e n t i s t  t o  adapt h i m s e l f  t o  

t h i s  a d m i n i s t r a t i v e  r o l e  c o u l d  cause s e r i o u s  d i f f i c u l t i e s  

i n  t h e  e f f o r t  t o  ach ieve  o r g a n i z a t i o n a l  g o a l s .  This 

research  would e x p l o r e  t h i s  area and seek an answer t o  

t h e  ques t i on :  How w e l l  does t h e  s c i e n t i s t  adapt  t o  t h e  

manager ia l  r o l e ?  And, what can be done t o  enhance t h i s  

t r a n s i t i o n ?  

The improvement o f  p r o d u c t i v i t y  as a manager ia l  

o b j e c t i v e  i s  c l o s e l y  a l l i e d  t o  t h e  problem o f  c o n t r o l  

o f  s c i e n t i f i c  a c t i v i t i e s .  Almost by d e f i n i t i o n ,  however, 

s c i e n t i f i c  a c t i v i t y  d e f i e s  q u a n t i f i c a t i o n .  Yet t h e  essence 

o f  c o n t r o l  i s  measurement. W i t h  t h e  s t r e s s  o f  s c i e n t i f i c  

o p e r a t i o n s  o n  t ime  and budget, what i s  t h e  exper ience o f  

manager ia l  c o n t r o l  i n  i t s  a p p l i c a t i o n  t o  t h e  s c i e n t i f  c 

f i e l d ?  The proposed research would i n v o l v e  t h e  exper ence 

t h a t  i s  a v a i l a b l e  among t h e  f i r m s  i n  t h e  Southern Cal f o r n i a  

area engaged i n  t h i s  f i e l d  o f  a c t i v i t y .  

The p r o j e c t  leader  w i l l  d i r e c t  research  w r i t e r s  ( i n c l u -  

d i n g  A s s i s t a n t  P ro fesso rs )  i n  t h e  development o f  i n f o r m a t i o n  

concern ing  t h e  management o f  s c i e n t i s t s  employed i n  t h e  

aerospace i n d u s t r y .  Firms w i l l  be s e l e c t e d  i n  t h e  aero-  

space i n d u s t r y  t h a t  a r e  l o c a t e d  i n  Southern C a l i f o r n i a .  An 

adequate sample o f  bo th  managers and s c i e n t i s t s  w i l l  be 

i n t e r v i e w e d  i n  depth.  

Genera l l y  speaking, t h e  focus o f  t h i s  research  w i l l  be 

upon t h e  management o f  s c i e n t i s t s  and t h e  t r a i n i n g  o f  sc ien -  
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t i s t s  fo r  management assignments. The exper ience o f  

e n t e r p r i s e s  i n  h a n d l i n g  these issues w i l l  h o p e f u l l y  p r o v i d e  

us w i t h  a b a s i s  for  g e n e r a l i z a t i o n s  wh ich  may be a p p l i e d  

w i t h i n  t h e  NASA ope ra t i on .  

Measures t o  Improve Orqan iza t i ona l  H e a l t h  and Manaqerial  

E f f e c t  i veness 

R ,  Tannenbaum 
F. Massar ik  

The f o l l o w i n g  i s  a b r i e f  s ta tement  o f  i n v e s t i g a t i o n s  

p 1 anned : 

1 .  The Socio-Psvcholoa i c a l  C o r r e l a t e s  o f  Ora a n i  za t i ona 1. 

Health 
A v a i l a b l e  work aimed a t  development o f  a theo ry  o f  

o r g a n i z a t i o n a l  h e a l t h  w i l l  be c o n t i n u e d  and a m p l i -  

f i e d .  I t  i s  the purpose o f  t h i s  theo ry  t o  s t a t e  

r i g o r o u s l y  t h e  human and s o c i o - t e c h n i c a l  c o n d i t i o n s  

and the  i r i n t e r r e l a t  ions,  c h a r a c t e r  i z i  ng organ i z a t  ions  

which exceed l e v e l s  o f  mere r o u t i n e  performance fo r  

a c o n s i d e r a b l e  p e r i o d  o f  t ime .  Our i n t e r e s t  i s  i n  

o r g a n i z a t i o n s  which a r e  a b l e  t o  change and grow 

under a v a r i e t y  o f  e x t e r n a l  s o c i a l  and economic 

c i rcumstances (such as changes i n  p roduc t  demand, 

economic c l i m a t e ,  e t c . ) ,  and wh ich  a r e  success fu l  

t o  an above-average e x t e n t  i n  meet ing  t h e  s o c i a l  

and psycho log ica l  g rowth  needs o f  t h e i r  employees. 
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The " i d e a l  type" o f  such a h e a l t h y  o r g a n i z a t i o n  w i  1 1  

be used as an a n a l y t i c  too l  i n  e m p i r i c a l  s t u d i e s  o f  

a v a r i e t y  o f  e x i s t i n g  f i r m s ,  p a r t i c u l a r l y  i n  f i r m s  

wh ich  i n t u i t i v e l y  appear t o  rank  h i g h  i n  o r g a n i z a -  

t i o n a l  h e a l t h .  The behav io rs  o f  manager ia l  and 

non-managerial  personnel  and t h e  formal  and i n f o r m a l  

s o c i a l  s t r u c t u r e s  o f  these f i r m s  w i  1 1  be i n v e s t i g a t e d .  

Spec ia l  emphasis w i l l  be p laced  on t h e  s tudy  o f  

p a t t e r n s  o f  p l a n n i n g  and c o n t r o l  c h a r a c t e r i z i n g  

these more-or - less  h e a l t h y  f i r m s .  

Systemat ic  i n t e r v i e w i n g  and t e s t i n g  programs w i l l  

probe unconscious as w e l l  as consc ious aspec ts  o f  

o r g a n i z a t i o n a l  and manager ia l  behav iour .  These 

programs w i l l  be augmented by p a r t i c i p a n t  and 

n o n - p a r t i c i p a n t  o b s e r v a t i o n  over  an extended t ime 

period. The r c ) ! ~  o f  o r g a n i z a t i o n a l  a c t i v i t i e s  

designed t o  b r i n g  about  change w i l l  be cons ide red  

b o t h  as c o r r e l a t e  and symptom o f  t h e  o r g a n i z a t i o n ' s  

growth p o t e n t i a l .  

S imu la t i ons  o f  h e a l t h y  o r g a n i z a t i o n  forms w i l l  be 

c a r r i e d  o u t  i n  t h e  Behav io ra l  Science Research and 

T r a i n i n g  Labora to ry  a t  UCLA. E f f o r t s  w i l l  be made 

t o  e s t a b l i s h  c o n s i s t e n c i e s  o f  "hea l th1 '  appear ing  

b o t h  i n  t h e  Labora tory  and i n  r e a l - l i f e  e n t e r p r i s e s .  
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2. The Impact o f  Manaqers' Time Perspec t ives  on P l a n n i n q  

Considerable b i b l i o g r a p h i c  and some e m p i r i c a l  work 

has been completed concern ing  t h e  f e e l i n g s  o f  mana- 

gers,  s c i e n t i s t s  and engineers w i t h  respec t  t o  t ime- -  

t ime  as a source o f  concern i n  t h e i r  d a i l y  l i v e s ,  

t h e i r  v iews o f  " t i m e  y e t  l e f t  t o  l i v e , "  response t o  

t ime  pressure  i n  work, e t c .  Th is  i n q u i r y  w i l l  deal  

s p e c i f i c a l l y  w i t h  t h e  a t t i tudes  toward t ime  as they  

a f f e c t  t h e  p lann ing  process.  S tud ies  w i l l  be con- 

ducted p r o b i n g  f a c t o r s  a f f e c t i n g  t h e  es tab l i shmen t  

o f  v a r i o u s  p lann ing  ho r i zons  by managers a t  d i f f e r -  

e n t  l e v e l s  i n  the o r g a n i z a t i o n a l  h i e r a r c h y .  The 

e x t e n t  t o  which ' ' t ime  l e f t  i n  t h e  work ing  ca ree r "  

(e.g. ,  p r i o r  t o  r e t i r e m e n t )  i n f l u e n c e s  long-range 

p l a n n i n g  d e c i s i o n s  o f  t o p  managerial  personnel  

w i l l  be of  p a r t i c u l a r  i n t e r e s t .  Var ious p a t t e r n s  

o f  a t t i t u d e  and f e e l i n g  toward t ime  w i l l  be 

c o r r e l a t e d  w i t h  a c t u a l  p l a n n i n g  d e c i s i o n s  then o f  

reco rd .  

Deep ly -prob ing  i n t e r v i e w s  and p r o j e c t i v e  measures 

w i l l  be used i n  t h e  s tudy  o f  t h e  manager's t ime  

pe rspec t i ves ,  w h i l e  company records  and p u b l i c l y -  

announced p lann ing  commitments w i l l  p r o v i d e  measures 

o f  the  p lann ing  f u n c t i o n .  The human aspects  o f  t h e  

p l a n n i n g  process i t s e l f  n e c e s s a r i l y  w i l l  be a key 

focus of t h i s  research .  
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3 .  Communication and I n f l u e n c e  Networks D i a q n o s t i c  o f  

Manaqer i a  1 E f f e c t  i veness 

B u i l d i n g  on p r i o r  work o f  t h e  Human R e l a t i o n s  Re- 

search Group, as p u b l i s h e d  i n  Leadership and 

O r q a n i z a t i o n  (McGraw-Hi l l ,  1961), and on c u r r e n t  

t h e o r i e s  o f  o r g a n i z a t i o n a l  f u n c t i o n i n g ,  a s e r i e s  

o f  s t u d i e s  w i l l  be under taken t o  develop a system- 

a t i c  c l a s s i f i c a t i o n  o f  i n f l u e n c e  and communication 

p a t t e r n s  which, under v a r i e d  e x t e r n a l  c i rcumstances 

(such as d i f f e r e n t i a l  t i m e  pressures,  work-group 

s i z e s ,  e t c . )  a r e  p r e d i c t i v e  o f  manager ia l  e f f e c t i v e -  

ness, and o r g a n i z a t i o n a l  h e a l t h ,  Face- to - face  

work groups, sec t i ons ,  d i v i s i o n s  and departments 

o f  seve ra l  f i r m s  w i l l  be i n v e s t i g a t e d ,  t r a c i n g  

f l o w s  o f  communication and i n f l u e n c e  h o r i z o n t a l l y ,  

upward and downward a l o n g  h i e r a r c h i c a l  1 i nes .  I t  

i s  hypothes ized t h a t  p a r t i c u l a r l y  f r e e l y - f l o w i n g  

upward communication and i n f l u e n c e  w i l l  r e l a t e  t o  

t h e  h e a l t h  and e f f e c t i v e n e s s  c r i t e r i a .  Analogous 

s t u d i e s  w i l l  be conducted under t h e  c o n t r o l l e d  

c o n d i t i o n s  i n  t h e  Behav io ra l  Science L a b o r a t o r y .  

E v a l u a t i o n  and S e l e c t i o n  o f  Advanced Stud ies  

L .  G .  S t rasburg  

The h i g h  c o s t  o f  research  and development i n  b o t h  t h e  

government s e c t o r  (defense, space systems) and t h e  p r i v a t e  



i n d u s t r i a l  s e c t o r  (new p roduc ts )  has c r e a t e d  the  need for  

more advanced s tudy  e f f o r t s  and expanded t h e i r  scope t o  

c o n s i d e r a t i o n s  o f  t h e  f o l l o w i n g :  

t e c h n i c a l  c h a r a c t e r i s t i c s  o f  proposed R 4 D 
a c t i v i t i e s  

. a p p l i c a b i l i t y  o f  R 4 D a c t i v i t i e s  t o  u l t i m a t e  
o b j e c t  i ves 

p r a c t i c a l  c o n s t r a i n t s  on t h e  conduct  o f  these 
a c t i v i t i e s ,  such as schedule 

resources necessary f o r  implementat ion o f  
proposed R 4 D a c t i v i t i e s  

r e l a t i v e  va lue  i n  r e l a t i o n  t o  o t h e r  a c t i v i t i e s  
b e i n g  cons idered 

r i s k s  i n h e r e n t  i n  such a c t i v i t i e s  

I n  s h o r t ,  t h e  r e s u l t s  o f  advanced s t u d i e s  a r e  expected 

m a t e r i a l l y  t o  c o n t r i b u t e  t o  t h e  d e c i s i o n  process l e a d i n g  

t o  i n i t i a t i o n  o f  R & D a c t i v i t i e s .  

The Department o f  Defense has c o d i f i e d  t h i s  use o f  

advanced s t u d i e s  i n t o  the Program D e f i n i t i o n  Phase o f  

weapons systems a c q u i s i t i o n s ,  and NASA i s  r e l y i n g  h e a v i l y  

on s t u d i e s  t o  probe m iss ion  o b j e c t i v e s ,  m i s s i o n  p r o f i l e  

and f l i g h t  sequence, r e l i a b i l i t y ,  c o s t  e s t i m a t i n g  method- 

o logy ,  and m i s s i o n  o p t i m i z a t i o n  techn iques .  These examples 

i n d i c a t e  t h e  growing u t i l i z a t i o n  o f  advanced s t u d i e s  n o t  

o n l y  f o r  i n f o r m a t i o n  f o r  d e c i s i o n ,  b u t  a l s o  f o r  . t h e  genera- 

t i o n  o f  t h e  techniques o f  d e c i s i o n  making. C l e a r l y ,  w i t h  

such a t r e n d  come concomi tant  p ressures  f o r  more e l a b o r a t e ,  
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and c o s t l y  s t u d i e s  - -  themselves r e q u i r i n g  a process o f  e v a l -  

u a t i o n  and s e l e c t i o n  be fo re  i n i t i a t i o n .  P a r t i c u l a r l y  i n  t h e  

area o f  Government research  and development t h e  f o l l o w i n g  

f a c t o r s  c o n t r i b u t e  t o  the  growing i n t e r e s t  and concern, i n  

t h e  award and conduct o f  advanced s t u d i e s :  

t h e  promise o f  " f o l  low-on" R 8 D and 1 i m i t e d  
p r o d u c t i o n  stemming from advanced or conceptual  
s t u d  i es 

t h e  p r o p e n s i t y  o f  Government agencies t o  award 
s t u d i e s  on a so le -source  or u n s o l i c i t e d  proposal  
bas is ,  thereby m i n i m i z i n g  c o m p e t i t i o n  

t h e  rese rve  o f  h i g h l y - t r a i n e d  research  and s tudy  
personnel  ma in ta ined on t h e  s t a f f s  o f  l a r g e  
t e c h n o l o g i c a l  l y - o r i e n t e d  companies, who r e t a i n  
these people t o  a t t r a c t  bus iness,  b u t  must f i n d  
s tudy  c o n t r a c t s  t o  suppor t  them 

t h e  reduced number o f  defense or space systems 
c o n t r a c t s ,  s h i f t i n g  t h e  arena o f  c o m p e t i t i o n  
from systems c o n t r a c t  b i d d i n g  t o  t h e  genera t i on  
o f  t h e  requi rements f o r  a p a r t i c u l a r  system, so 
as t o  be i n  "on the  ground f l o o r "  

These f a c t o r s  a l s o  imp ly  inc reased s c r u t i n y  o f  t h e  

process o f  e v a l u a t i o n  and s e l e c t i o n  o f  these s tudy  c o n t r a c t s .  

Cons is ten t  p o l i c i e s  and d e f i n i t i v e  requi rements must regu-  

l a t e  t h e  i n i t i a t i o n  o f  advanced s tudy  c o n t r a c t s  s o  as t o  

maximize r e t u r n s .  The r e s u l t s ,  o f  course,  cannot be p re -  

sc r i bed ,  b u t  t h e  approach can be s t r u c t u r e d  so  as t o  

i n t r o d u c e  c o m p e t i t i o n  and c o n t r o l  over  t h e  eventua l  s tudy  

conduct  . 
I t  i s  t o  t h e  fundamental approach t o  e v a l u a t i o n  and 

s e l e c t i o n  o f  these advanced s t u d i e s  t h a t  t h i s  i n v e s t i g a t i o n  
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w i l l  be d i r e c t e d .  

There w i l l  be two d i s t i n c t ,  b u t  r e l a t e d ,  aspects  o f  t h e  

i nves t  i g a t  ion:  

9 t h e  e v a l u a t i o n  process - d e t e r m i n a t i o n  o f  v a l u e  
systems a g a i n s t  which t h e  o b j e c t i v e s  and r e q u i r e -  
ments o f  t h e  s tudy may be compared; c o n s t r u c t i o n  
o f  a r a t i o n a l e  f o r  s tudy  proposal  s o l i c i t a t i o n .  

t h e  s e l e c t i o n  process - es tab l i shmen t  o f  c r i t e r i a  
f o r  comparison o f  competing s tudy  p roposa ls ,  
s tudy  o f  t h e  dynamics o f  s e l e c t i o n ,  i n c l u d i n g  
c r i t e r i a  we igh t i ng ,  procedures, commit tee or 
board u t i l i z a t i o n  

The da ta  for  t h i s  i n v e s t i g a t i o n  w i l l  be gathered f rom 

l o c a l  aerospace companies, o r g a n i z a t i o n s  such as Rand and 

SDC, and Governmental agencies such as t h e  A i r  Force Space 

Systems D i v i s i o n .  

The Economics o f  Pe r fo rm ins  Enq ineer ina  Tasks 

J. M.  E n g l i s h  

There i s  a need t o  r e l a t e  expected economic b e n e f i t  t o  

t h e  c o s t  i n c u r r e d  t o  achieve i t .  Th is  may be p a r t i c u l a r l y  

s i g n i f i c a n t  i n  r e l a t i o n  t o  e x t e n t  o f  a n a l y s i s  now done t o  

j u s t i f y  p r e d i c t e d  performance o f  a system o r  subsystem. 

An a t tempt  w i l l  be made t o  develop c o s t  as a f u n c t i o n  o f  

e x t e n t  o f  a n a l y s i s  and r e l a t e  i t  t o  a f u n c t i o n  for  e i t h e r  

re1  i a b i  1 i t y  o r  conf idence l e v e l .  The management f a c t o r s  

which may i n f l u e n c e  a c t i o n  toward o p t i m i z i n g  a n a l y t i c a l  

e f f o r t  w i l l  be s t u d i e d .  
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The f i r s t  s t e p  ( d u r i n g  t h e  f i r s t  year o f  s t u d y )  w i l l  

be t o  take  an e lementa l  example (e.g. ,  des ign  o f  a beam w i t h  

a l oad  on i t )  w i t h  t h e  amount o f  i n f o r m a t i o n  l i m i t e d .  A 

mathemat ica l  model w i l l  be developed f rom wh ich  one can 

c a l c u l a t e  t h e  inc rease i n  r e l i a b i l i t y  (as  a f u n c t i o n  o f  new 

i n f o r m a t i o n )  by f u r t h e r  t e s t i n g  o r  a n a l y s i s .  

A l a t e r  s t e p  w i l l  be t o  g e n e r a l i z e  from t h e  b a s i c  model 

and t r y  t o  a p p l y  i t ,  w i t h  a p p r o p r i a t e  m o d i f i c a t i o n s ,  t o  

more complex eng ineer ing  systems. Th is  may be accompl ished 

i n  a second year o f  s tudy .  

A paper e n t i t l e d  "Understanding t h e  Design Process" 

has been pub l i shed  by J.  M. Eng l i sh ,  Department o f  Engineer-  

ing ,  Repor t  No, 64-67, UCLA, January 1964. 

Technoloqy T rans fe r  Process 

G .  A .  S t e i n e r  
w .  I?. Ryan 

Two p r o j e c t s  have been s t a r t e d  i n  t h i s  a rea .  F i r s t ,  

a program t o  p e r m i t  t he  suppor t  o f  i n d u s t r y  i n  improv ing  

t h e  t r a n s f e r  process has been developed and i s  now i n  

process o f  a p p l i c a t i o n .  Second, a p r o j e c t  has begun t o  

mon i to r  and eva lua te ,  over t ime,  f l ows  o f  i n f o r m a t i o n  

impor tan t  i n  t h e  t r a n s f e r  process.  A group o f  new meta l  

d i s c o v e r i e s  i s  t h e  s p e c i f i c  s u b j e c t  o f  s tudy .  
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V I S  1 T I  NG SC I E N T I S T S  

Since t h e  r e p o r t  p e r i o d  cove rs  t h e  end o f  t h e  s p r i n g  

semester and t h e  summer vacat ion ,  t h e r e  were no l e c t u r e s  or 

seminars o t h e r  than in fo rma l  t a l k s  g i ven  by t h e  v i s i t i n g  

s c i e n t i s t s .  

Aharon N i r  - Senior  S c i e n t i s t ,  i so tope  Department, The 
Weizmann I n s t i t u t e  o f  Science, Rehovoth, 
I ssae 1 

D r .  N i r  has been i n v e s t i g a t i n g  t h e  f e a s i b i l i t y  o f  d e t e c t i o n  

of  s h o r t - l i v e d  iso topes  (hours t o  days) i n  the  s o l a r  p r o t o n  

i r r a d i a t e d  area o f  t h e  upper atmosphere. A n a l y s i s  o f  seve ra l  

i so topes  produced by s o l a r  f l a r e  p ro tons  and p a r t i c l e s  c o u l d  

supplement t h e  i n f o r m a t i o n  on t h e  h i s t o r y  o f  t h e  f l a r e  and i t s  

energy spectrum. Severa l  papers i n  c o l l a b o r a t i o n  w i t h  E .  J .  

Flamm and R .  E .  L i n g e n f e l t e r  a r e  i n  p r e p a r a t i o n  and w i l l  be 

covered i n  t h e  nex t  r e p o r t .  

P .  H .  Ribbe - A s s i s t a n t  Pro fessor  o f  Geology, U n i v e r s i t y  
o f  Chicago 

D r .  R i b b e ' s  research  to  d a t e  has been concerned w i t h  a 

l i t e r a t u r e  survey and s tudy o f  c e r t a i n  diamond-bear ing rocks  

o f  South A f r i c a .  T h i r t y  cognate x e n o l i t h s  c o l l e c t e d  by 

Pro fessor  G .  C .  Kennedy from k i m b e r l i t e  p ipes  l o c a t e d  a t  

Rober ts  V i c t o r ,  Du Toi tspan, B u l t f o n t e i n ,  Wesselton, and 

o t h e r  mines have been sec t ioned and sub jec ted  t o  a c u r s o r y  

p e t r o g r a p h i c  i n v e s t i g a t i o n .  These rocks  a r e  m a i n l y  e c l o g i t e s  
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and p y r o x e n i t e s  i n  v a r i o u s  s t a t e s  o f  a l t e r a t i o n .  Some g i v e  

ev idence o f  hav ing  exper ienced c o n s i d e r a b l e  s t r e s s ;  g r a i n s  

show u n d u l a t o r y  e x t i n c t i o n  and g r a i n  boundar ies a r e  f r e q u e n t l y  

crushed i n t o  f i n e  f ragments.  

These rocks  a r e  thought t o  be r e p r e s e n t a t i v e  o f  t h e  

upper mant le,  hav ing  been t r a n s p o r t e d  f rom g r e a t  depths by 

t h e  k imber l  i t e  "magma". As  such they  a r e  o f  g rea t  v a l u e  i n  

f u r t h e r i n g  our  understanding o f  t h e  e a r t h  and o t h e r  p l a n e t s .  

We p l a n  t o  s tudy  them i n  g rea t  d e t a i l  and i n  t h e  near f u t u r e  

w i l l  p repare  specimens fo r  an e x t e n s i v e  a n a l y s i s  w i t h  t h e  

e lec t ron -m ic rop robe .  

Edward T e l l e r  - P ro fesso r -a t -La rge  o f  Physics,  U n i v e r s i t y  

D r .  Tel  

and August.  

o f  Ca 

e r  v i s i t e d  the  

D u r i n g  h i s  v i s  

i f o r n i a  

Space Science Center i n  March, May, 

t s ,  he c o n s u l t e d  w i t h  f a c u l t y  mem- 

bers,  research  s t a f f ,  and graduate s tudents  i n  t h e  p h y s i c a l  

sc iences and eng ineer ing .  I n  August he l e c t u r e d  t o  t h e  

Summer I n s t i t u t e  i n  P lane ta ry  Phys ics on "Exp los ions  i n  

Massive S ta rs " .  The l e c t u r e  was a t tended  by many o t h e r  s t u -  

dents  f r o m  UCLA. 
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